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DITRODUCTIDN 


The  effects  of  a  nuclear  attack  on  a  country’s  society  and  economy 
have  been  the  subject  of  numerous  studies  based  on  data  ft*om  the  nuclear 
bombs  used  against  Hiroshima  and  Nagasaki,  from  nuclear  tests,  and  from 
conventional-bomb  damage  data  [  1  ].  Even  though  these  studies  have  focused 
on  quantitative  calculations  of  the  physical  damage  and  have  presented  only 
qualitative  extrapolations  of  the  effects  of  this  damage  on  the  fate  of  the 
survivors,  they  wo'e  instrumental  in  establishing  the  fact  that  a  nuclear 
exchange  between  two  warring  nations  would  result  in  tremendous 
devastation.  From  this  fact  comes  the  conclusion  that  the  only  actual  use 
for  nuclear  explosives  is  to  maintain  deterrence,  that  is,  to  insure  that  a 
nuclear  opponent  does  not  use  his  nuclear  arsaial  against  you. 

Most  of  these  studies  have  had  one  of  two  purposes:  either  to  show 
that  a  nuclear  war  is  unwinnable;  or  to  guide  military  planners  in 
determining  the  size  of  their  country’s  nuclear  arsenal.  Even  though  many 
studies  indicated  that  deterrence  could  be  supported  by  a  r^ativd.y  small 
nuclear  arsenal,  the  total  number  of  nuclear  weapons  deployed  by  the  U.S. 
and  the  Soviet  Union  now  approaches  50,000.  Dissatisfaction  with  this 
devd-opment  has  prompted  two  reactions  in  this  country.  The  first  is  a 
move  to  limit  the  nuclear  ecplosives  in  each  arsenal  to  the  number  that 
would  securely  deter  an  opponent  —  that  is,  towards  reduction  of  the 
number  of  nuclear  ecplosives.  The  other  is  to  try  to  develop  a  defensive 
system  that  would  effectively  protect  the  society  and  economy  of  the  U.S. 
regardless  of  the  number  of  nuclear  weapons  deployed  by  the  Soviet  Ihion. 
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Indeed,  both  policies  are  in  the  forefront  of  the  national  security  dd)ate 
right  now. 

The  Reykjavik  sunmit  indicated  that  both  nuclear  superpowers  are 
willing  to  lower  the  number  of  nuclear  explosives  in  their  arsenals.  Each 
side  vgould  presumably  want  to  retain  enough  weapons  to  deter  the  other 
side  from  attacking,  enough  weapons  to  inflict  a  socalled  unaccepatable 
levdL  of  damage  on  the  other  side.  Oi  the  other  hand,  the  decision  as  to 
whether  to  pursue  the  Strategic  Defense  Initiative  could  well  depend  on 
judgments  about  how  successful  that  defense  will  be  in  limiting  a  nuclear 
attack  to  fewer  than  the  numba'  of  nuclear  weapons  that  would  cause  the 
collapse  of  our  society  and  economy.  Both  policies  imply  an  estimate  of 
the  minimum  number  of  nuclear  weapons  that  would  inflict  unacceptable 
damage  on  oir  cointry.  Riysical  damage  that  viould  collapse  a  country's 
economy  for  the  indefinite  future  would,  beyond  doubt,  be  considered 
unacceptable  even  by  the  most  determined  and  sanguine  political  leada'ship. 

Studies  done  under  government  contract  in  the  U.S.  have  until  very 
recently  shown  that  the  U.S.  economy  can  survive  a  limited  nuclear  attack. 
For  example,  a  1973  report  [2]  on  an  input-ouput  computer  model  simulation 
of  the  economy  predicted  complete  economic  recovery  from  a  nuclear  attack 
within  a  decade  and  a  half  —  regardless  of  the  attack  size,  which  varied 
from  4%  to  20%  of  the  Soviet  arsenal. 

But  very  different  results  are  reached  by  a  1980  systems  dynamics 
computer  modd.  simulation  of  the  post-attack  U.S.  economy  that  was 
commissioned  by  the  Federal  Bna*gency  Management  Agency  (FEMA).  The  new 
FEMA  moddL  predicts  the  collapse  of  the  U.S.  economy  following  an  attack 
much  smaller  than  those  SRI  studied,  lb  rebuild  the  economy  to  anything 
near  its  previous  levds  would  take  many  decades. 
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If  different  models  lead  to  different  conclusions,  how  can  one  decide 
which  one  is  best  approximating  the  grim  post-attack  reality.  Vfe  will 
examine  both  the  SRI  and  FEMA  modd.s  and  show  how  the  former  was  bound  to 
give  misleadir«  results,  while  the  latter  was  specifically  designed  to 
minimize  or  avoid  many  problems  inherent  in  previous  computer  models  of 
the  post-attack  economy. 

Previous  models  were  designed  to  operate  within  historical  bounds, 
with  the  economy  in  equilibrium  and  so  were  unrealistic  in  their 
representation  of  the  post-attack  economy,  which  could  very  well  be  out  of 
equilibrium  for  extended  periods  of  time.  Previous  models  have  tended  to 
be  simple,  linear,  growth  mod^s  that  reproduce  the  historical  behavior  of 
the  U.S.  economy  —  sustained  growth  —  almost  immediately  after  much 
larger  attacks  than  we  consido"  here.  Ihe  FEMA  model,  on  the  other  hand, 
is  designed  to  handle  both  equilibriun  and  non-equilibriun  conditions.  It 
is  composed  of  hundreds  of  non-linear,  recursive  ecyjations.  And  while 
these  equations  reflect  the  historical  performance  of  the  economy,  they 
are  also  designed  to  reflect  specific  actions  taken  by  economic  decision¬ 
makers  (consumQ*s,  govQ"nment  officials,  and  corporate  exectutives). 
Therefore,  while  the  FEMA  model  can  reproduce  historical  patterns,  it  is 
not  'forced*  to. 

The  technique  the  FEMA  models  uses.  System  I^namics,  is  more 
interactive,  more  dynamic,  and  more  flexible  than  methods  previously  used 
for  simulations  of  the  post-attack  economy.  In  addition,  we  have  based  our 
analyses  on  1)  the  latest,  most  realistic  estimates  of  the  effects  of 
nuclear  weapons,  2)  a  detailed  study  of  the  distribution  of  key  U.S. 
industries,  and  3)  an  extensive  Census  Bureau  database  of  U.S.  population 
and  manufacturing  capacity.  Nevertheless,  the  FEMA  model  is  only  a 
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computer  model,  and  while  it  may  be  more  rigorous  than  the  'mental’  models 
we  all  use  to  anticipate  the  behavior  of  the  world,  its  results  should  be 
viewed  cautiously.  For  instance,  the  FEMA  modd.  is  not  capable  of 
P'edicting  precise  quantitative  results,  such  as  the  exact  levd.  of  GNP  20 
years  after  an  attack.  The  results  it  most  reliably  produces  are 
qualitative  trends,  such  as  tte  inability  of  the  GNP  to  recover  for 
decades. 

It  deserves  mention  that  the  computer  modd  used  here  is  not  exactly 
the  same  as  that  used  in  the  FEMA  report  approved  for  public  release  in 
November  1980.  Ovo"  the  last  several  years,  some  of  the  original  authors, 
as  well  as  our  groip,  have  worked  to  fix  some  of  the  errors  in  that 
px'ogram ,  and  have  improved  its  ability  to  model  the  U.S.  economy. 

This  report  presents  the  prd.iminary  results  of  a  study  that  ocplores 
the  predictive  capability  of  the  FEUA  simulation  program  and  the  degree  to 
which  computer  mod^ing  can  provide  reliable  predictions  of  the  behavior  of 
the  U.S.  economy  after  a  nuclear  attack.  The  study  was  undertaken  with 
sevQ"al  purposes  in  mind: 

A.  To  determine  whether  the  discrepancy  between  older  static 
simulation  models  and  the  FEMA  raodd.  is  significant  in  the 
context  of  decisions  about  the  nuclear  policy  of  the  country. 

B.  To  determine  the  minimum  number  of  nuclear  explosives  that 
would  create  a  perturbation  seva-e  enough  to  collapse  the  U.S. 
economy;  that  is,  the  number  that  would  be  an  unquestionable 
deterrent  in  the  hands  of  the  Soviets.  This  nunber,  augmented  to 
allow  for  certainty  of  dd.ivery,  could  then  become  a  guideline 


for  future  nuclear  arms  limitation  negotiations.  For  instance, 
both  sides  could  reduce  to  number  that  would  assure  them  of  the 
ability  to  deliver  the  nuclear  explosives  that  would  collapse  the 
other  side's  economy.  (FEMA  has  commissioned  a  similar  computer 
simulation  of  the  Soviet  economy.) 

C.  To  provide  a  measurement  for  the  efficiency  required  of  a 
strategic  defensive  shield  designed  to  permit  the  U.S.  economy  to 
survive  a  full  Soviet  nuclear  attack. 

Vfe  have  used  the  FEMA  program  that  simulates  the  U.S.  economy  to 
examine  the  results  of  small  nuclear  attacks  that  would  collapse  the  U.S. 
economy.  We  were  looking  for  the  most  effective  "bottleneck**  mechanisms 
for  collapse,  and  as  a  consequence  we  have  focused  particular  attention  on 
liquid  fossil  fuels.  Transportation,  ena-gy  production,  and  many  crucial 
industry  products  depend  on  liquid  fud.s.  Vfe  have  found  that  the  shock  of 
denying  these  resources  to  the  U.S.  for  even  a  relativd.y  short  period  of 
time  disintegrates  the  economy.  This  rapid  economic  deta'ioration  —  the 
"nuclear  crash"  —  could  mean  that  within  months  of  an  attack  most  of  the 
population  would  starve  to  death  and  that  the  survivors  would  be  reduced 
to  near-medieval  levels  of  existence  for  decades. 

Vfe  find  that  these  predictions  are  not  particularly  sensitive  to  the 
destructiveness  assumed  for  individual  attacking  weapons.  We  demonstrate 
that  even  usir^  consistently  conservative  assunptions  —  which  lead  to 
overestimates  of  the  likelihood  of  a  U.S.  national  economic  recovery  ~  an 
attack  consisting  of  as  little  as  to  2%  of  the  Soviet  nuclear  arsenal 
could  cause  a  complete  and  long-lasting  econcmic  crash  in  the  Uhited 
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States. 

At  every  turn  of  the  research  otr  assunptions,  introduced  Into  the 
computer  program  either  ocplicitly  —  as  initial  values  of  variables  —  or 
implicitly,  have  been  miformly  conservative.  We  have  tested  the 
sensitivity  of  the  computer  modd.  over  a  large  range  of  assunptions,  and 
we  present  the  results  of  simulation  in  only  those  cases  vAien  we  have 
biased  the  assumptions  towards  recovery  of  the  economy.  Yet  the 
perturbations  caused  by  the  small,  bottlenecking  attack  scoiarios  we 
tested  consistently  demonstrate  the  vulnerability  of  the  U.S.  economy  to  a 
Soviet  attack  that  would  not  exceed  to  of  their  nuclear  arsenal. 

It  bears  repeating  that  the  FEMA  program  we  used  cannot  simulate  with 
high  analytical  precision  the  effects  of  the  selecti'  e  destruction  of  very 
small  though  crucial  sectors  of  the  U.S.  economy  —  destruction  which  we 
believe  would  drastically  affect  the  economy.  Moreover,  limitations  exist 
in  any  computer  modd  of  the  economy  (as  we  discuss  in  (^lapter  Three),  and 
so  our  results  must  be  read  as  suggestive  rather  than  definitive.  Real 
nuclear  attacks  would  doubtless  be  much  worse  than  the  FEMA  model 
indicates. 

Ihe  report  consists  of  five  chapters  and  two  a^jendices.  Chapter  Che 
reviews  the  most  recent  information  regarding  the  effects  of  nuclear 
explosives  on  civilian  targets.  Cbnsistent  with  our  conservative  approach 
we  have  incorporated  into  the  simulation  only  two  destructive  effects, 
blast  and  heat,  ignoring  the  effects  of  the  nuclear  electromagnetic  pulse 
(EMP)  and  of  ddayed  radioactive  fallout  on  the  U.S.  economy.  We  believe 
that  EMP  would  in  fact  have  devastating  effects  on  communications  and 
otho”  dectronic  equipment,  including  computers,  and  that  fallout  would 
drastically  limit  the  use  of  mdamaged  industrial-production  capacity  and 
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food-producing  farm  lands,  and  consequently  their  inclusion  would 
ecacerbate  economic  disfunction.  But  we  could  not  incorporate  these 
effects  into  the  simulation  program  in  a  way  that  would  lead  to  reliable 
predictions  of  their  impact  on  the  evolution  of  the  economy  after  the 
attack. 

Chapter  Two  discusses  the  U.S.  economy  in  terms  of  its  vulno'ability 
to  nuclear  attack.  We  examine  the  concentration  of  key  industries,  and  the 
importance  of  ena*gy  (particularly  liquid  fuels)  to  the  transportation 
sector  and  the  rest  of  the  economy. 

]h  Chapter  Three  we  discuss  methodology.  We  explored  the  reliability 
and  practical  limits  of  the  computer  simulation  technique  we  have  used. 
System  Dynamics,  its  straigths  and  its  weaknesses.  We  give  the  detailed 
features  of  the  FEMA  program,  explain  the  tests  we  have  performed,  the 
modifications  we  have  made  in  the  program,  and  the  overall  confidence  one 
can  have  in  the  results  of  simulation  techniques. 

Jn  Qiapter  Four  we  present  the  results  of  sensitivity  tests  we 
p«*formed  to  determine  the  effect  of  sevo^al  key  economic  variables  on  the 
behavior  of  the  economy  and  whether  the  program  results  were  consistent 
with  common  sense  expectations. 

Chapter  Five,  we  consido-  the  effects  of  three  different  attack 
scenarios  on  the  U.S.  economy.  The  first  is  an  attack  which  destroys  60% 
of  the  population  and  40%  of  the  industry,  which  we  call  the  60/40  Attack. 
The  smallest  of  the  three  attacks,  the  Counter-Ehergy  Attack,  destroys 
only  commercial  ports  and  the  refining  and  storage  facilities  for  lic^iid 
fossil  fuels.  The  third  attack  destroys,  in  addition  to  the  fuel 
facilities,  some  key  manufacturing  sectors  such  as  electronics,  primary 
metals  prodxxition,  and  heavy  machines.  This  we  call  the  Counter-Ehergy 
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Coulter-Industry  attack.  We  present  the  results  in  the  form  of  graphs, 
vath  some  discussion. 

]h  the  two  appendices  we  give  information  in  greater  detail  about  one 
of  the  tests  we  ran  (I)  and  we  list  the  targets  in  counter- energy  attack 

(n). 

Because  of  the  very  Isrge  nunber  of  assunptions  we  have  necessarily 
made  in  explorir«  the  effects  of  these  attacks,  two  things  must  be  borne 
firmly  in  mind  when  reading  this  report.  First,  that  the  results  are 
uniformly  optimistic,  erring  towards  the  best-case  view  at  every  point  of 
choice,  and  second,  that  it  is  traids  rather  than  absolute  values  that  one 


should  focus  on  in  reading  the  report. 


CHAPTER  ONE 


OTECTS  OF  NUCLEAR  WEAPONS 


Ths  single  most  important  factor  in  any  analysis  of  the  effect  of 
nuclear  war  on  the  economy  is  the  almost  incomprehensibly  destructive 
nattre  of  nuclear  weapons.  ]h  this  chapter  we  will  give  a  brief, 
quantitative  description  of  the  effects  of  nuclear  weapons  followed  by  a 
qualitative  description  of  the  two  small  Soviet  nuclear  attacks  on  U.S. 
cities  that  will  be  used  throughout  this  report  as  standard  test  cases. 

Typical  weapons  in  the  Soviet  Uhion’s  arsenal  are  the  500-  to 
550-kilobon  warheads  the  Soviets  have  on  many  of  their  SS-18  and  SS-19 
land-based  missiles.  The  550-kiloton  weapons  release  the  energy  equivalent 
of  550  thousand  tons  of  TOT  and  are  about  40  times  the  yield  of  the  bomb 
that  levelled  Hiroshima.  At  a  distance  of  3*6  miles  from  a  550-kiloton 
air-burst,  the  winds  of  over  160  miles  an  hour  are  capable  of  blowing  down 
virtually  all  trees  and  the  blast  wave  overpressure  of  5  psi  (pounds  per 
square  inch)  will  destroy  most  houses. 

]h  what  has  become  a  standard  calculation,  the  expected  damage  fV'om 
this  large  detonation  has  been  extrapolated  from  the  damage  done  to 
Hlroahima  by  the  single  bomb  that  was  dropped  on  it  in  August,  1945.  This 
^aditional  extrapolation  is  based  primarily  on  the  blast  effects;  it  is 
assumed  that  the  same  damage  to  buildings  and  the  same  percentage  of 
people  killed  and  injured  near  the  5-psi  contour  at  Hiroshima  will  occur 
'■’ar  the  5-psi  contovr  of  a  much  larger  weapon  air-burst  ova"  a  moda'n 
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city.  The  overall  damage  level  is  calculated  by  carrying  out  similar 
extrapolations  for  the  oth«*  blast  contours.  To  avoid  all  of  this 
intricate  calculation,  the  Office  of  Technology  Assesment  (OTA)  suggests 
using  a  cookie-cutter  approach  in  which  it  is  assumed  that  everyone  within 
the  5-psi  contour  is  killed  and  everyone  outside  the  5-psi  contoir  survives 
[1]  (a  similar  approach  is  often  taken  to  calculate  the  destruction  of 
buildings) . 

We  shall  use  this  approximation  as  ovr  most  conservative  estimate  of 
the  effects  of  nuclear  weapons  on  both  people  and  buildings  in  oir  attacks. 
It  is,  however,  important  to  understand  why  this  approach  is  flawed; 
extrapolating  damage  from  blast  effects  in  Hiroshima  seriou^y 
underestimates  the  effects  of  nixslear  weapons. 

The  extrapolation  depends  crucially  on  the  assumption  that  the  blast 
destrnxntion  in  the  case  of  ffirodiima  —  a  single,  small  (l44ciloton)  weapon 
detonated  in  the  air  —  is  representative  of  the  ^tual  destruction  that 
would  take  place  in  a  nuclear  war  today.  Yet  there  are  some  important 
differences.  Hiroshima  involved  a  weapon  detonated  in  the  air.  Since  air 
bursts  generate  much  less  radioactive  fallout  than  bombs  detonated  on  the 
ground,  at  Hiroshima  there  was  relatively  little  lingering  radiation  from 
fallout,  and  so  the  city  was  able  to  receive  outside  help  almost 
Immediately.  This  kind  of  help  seems  unlikely  in  a  modern  war,  both 
because  devastation  woxxLd  be  widespread,  and  because  targeted  areas  might 
be  dd-iberately  made  lethal  to  would-be  help  by  detonating  weapons  on  the 
grouid.  Moreover,  targeted  regions  are  likely  to  receive  multiple  weapons, 
creatir«  synergistic  effects  greater  than  the  sun  of  the  effects  of 
individual  weapons.  For  instance,  a  building  weakened  by  one  blast  wave 
might  be  leveled  by  a  second  blast  wave,  even  though  neitha*  blast  wave  by 
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itself  would  have  been  sufficient  to  topple  the  building. 

But  perhaps  the  greatest  problem  with  an  extraploation  from 
Hlroshiraa  on  the  basis  of  blast  effects  alone  is  that  such  an  approximation 
does  not  take  into  account  the  fact  that  the  thermal  effects  of  nuclear 
weapons  increase  faster  with  increasing  weapon  yield  than  the  blast 
effects  do.  For  the  14-kiloton  bomb  dropped  on  Hiroshima,  the  5-pst 
contour  occirred  at  about  one  mile,  where  some  12  calories  of  heat  per 
sQuare  centimeter  were  deposited.  This  heat  would  cause  third— degree 
burns  to  exposed  skin  and  would  ignite  highly  combustible  materials  and 
perhaps  dry  leaves,  newspapers,  and  Interior  curtains.  At  this  distance, 
the  probability  of  being  killed  in  ttroshima  was  about  30%. 

For  the  SSO-ktloton  bomb,  the  5-psi  contour  occurs  at  3.6  miles  ~ 
where  etoout  30  calories  per  square  centimeter  are  deposited,  on  a  clear 
day  [2].  This  is  more  than  twice  the  heat  needed  to  cause  third-degree 
birns  to  exposed  skin  and  it  is  sufficient  to  ignite  standard  building 
materials  and  clothir^.  Qearly,  far  fewer  people  would  survive  at  the 
5-p8i  contovr  of  the  5504dloton  weapon  than  survived  the  5-psi  contour  of 
the  Hiroshima  bomb  —  even  if  there  is  no  mass  fire. 

Yet,  according  to  work  done  by  Stanford's  Theodore  Postol  [33  bhe 
likelihood  of  a  mass  fire  ectending  far  beyond  the  5-psi  contoir  is  great, 
even  in  lightly  built-up  cities.  Pcstol  suggests  that  we  abandon  the 
extrapolation  on  the  basis  of  blast  effects,  and  instead  recommends  that 
we  extrapolate  on  the  basis  of  thermal  effects.  Ii  Postol's  modd., 
superfires  are  likely  whomever  10  or  more  calories  per  square  centimeter 
are  deposited  (Hiroshima  itself  experienced  a  firestorm  within  the 
10-calorie  contour).  Postol  suggests  substituting  the  thermal  10-calorie 
contour  for  the  blast-related  5-psi  contour  as  the  meaningful  limit  of 


-  12  - 

destruction  (for  large  vieapons). 

A  single  nuclear  detonation  can  anash  buildings,  destroy  gas  and  uater 
„ains.  scatter  debris,  and  ignite  thousanis  of  fires.  firestorms  m-e 
created  when  these  relatively  small  fires  coalesce  into  one  srperftre. 
Firestorms  can  generate  ground  vdnds  of  30  to_60  mUes  an  hoir,  ground 
temperatures  well  above  the  boUing  point  of  water,  and  tremendous  amomts 
of  nrmious  gases  such  as  carbon  monoxide,  hydrogen  cyanide,  and  sulphu- 
dioxide.  The  chances  of  survival  under  such  conditions  are  slim.  This  is 
especially  true  because  Injrred  survivors  trapped  in  a  sup^fire  might  have 
to  travel  a  great  distance  to  escape  it.  particularly  after  large 
detonations.  Pbr  the  Hirbshima  bemrb.  the  distance  between  the  region 
Within  the  superfire  where  people  had  much  chance  of  surviving  the  initial 
blast  and  the  region  outside  the  superfire  was  undm-  half  a  mUe.  For  a 
5504eiloton  bomb,  however,  this  -escape-  distance  is  ovm-  3  tiles  (in  the 
case  of  a  multiple  detonation,  there  may  be  no  possible  escape  distance). 

There  is  vncertainty  about  exacUy  ndiat  Idnd  of  mass  fires  will 
develop  aftm-  a  nuclear  detonation  starts  thousands  of  fires  inside  and 
outside  of  ttm  10-calorie  contour.  Because  of  this  vncertainty,  Ibstol 
suggests  another  cookie-cutta-  approach,  in  which  few  people  and  buildings 
survive  within  this  10-calorie  contou-.  and  few  people  are  killed  and  few 
buUdiv^s  are  damped  ovmslde  this  contou-.  For  a  550-klloton  weapon,  the 
VO-calorle  contou-  metends  out  to  6  miles  -  a  lOO-svjiar^mile  region  of 
devastation  that  is  2.5  times  large-  the.  the  40  seyiare  miles  within  the 

5-psi  contour! 

Althov«h  we  think  this  approximation  is  eminently  reasonable,  in  this 
report  we  will  use  a  far  more  conservative  one  as  ou-  baseline  case. 
First,  we  will  assuae  that  the  5-psi  contou-  is  the  limit  for  the 


destruction  of  buildings.  Second,  we  will  assune  that  everyone  within  the 
5-psi  contoir  is  killed  (which  is  the  OTA’s  cookie-cutter  approach).  ]h 
addition,  we  will  assune  that  between  the  5-P8i  contou*  (at  3.6  miles)  and 
the  10-calorie  contour  (at  6  miles),  half  the  people  are  killed  and  half 
the  people  are  injured.  Essentially,  these  assumptions  are  a  compromise: 
they  do  take  into  accouit  the  increase  in  expected  casualty  rates  due  to 
thermal  effects,  but  they  do  not  really  anticipate  the  occurrence  of 
super  fires. 

These  assumptions  are  also  conservative  in  that  they  do  not  take  into 
accouit  the  effects  of  ground  bursts  or  multiple  detonations.  A 
550-kiloton  grouidburst  covers  more  than  1000  square  miles  with  the  lethal 
dose  of  radiation,  and  it  covers  more  than  2000  square  miles  with  enough 
radiation  to  increase  the  mortality  of  burn  injuries  by  almost  a  factor  of 
8.  Maiy  targets  in  even  a  very  small  nuclear  war  are  likd.y  to  be 
bombarded  with  several  weapons,  in  which  midtiple  bu"sts,  multiple  thermal 
effects,  and  radiation  have  tremendous  synergistic  effects.  All  of  the 
scenarios  we  consider  involve  multiple  bursts  in  many  major  cities,  making 
mass  fires  more  likely  and  survival  less  likd.y. 

Nevertheless,  we  will  stick  with  the  conservative  assumptions  outlined 
above.  Let  us  look  at  what  they  mean  in  a  very  crude  sense.  These 
assunptions  result  in  100%  fatalities  within  40  scyjare  miles  and  50% 
fatalities  and  50%  ir\juries  within  another  60  square  miles.  If  the 
population  is  distributed  evenly,  then  in  the  total  100  square  miles,  there 
will  be  70%  fatalities  and  30%  ii\juries,  from  a  550-klloton  air  burst. 
Some  130  million  Americans  are  concentrated  in  urban  areas  on  about  17,000 
square  miles  [4].  Ih  a  rough  approximation,  170  550— kiloton  weapons  will 
cause  70%  fatalities  and  30%  injuries  over  this  entire  area  (170  times  100 


square  miles  equals  17,000  square  miles).  Ih  this  oalculaUon,  2*  of  the 
SOTiet  union's  arseni  would  kill  90  million  toericans  and  injure  anotha- 
90  million.  H  a  real  atUok,  it  might  take  more  weapons,  but  then  again, 
the  weapons  are  prjbably  more  deadly  than  we  have  assuaed,  especially  if 

the  Soviets  gromd-burst  some  of  them. 

]h  aidlUon,  it  ahould  be  maitloned  that  the  percentage  of  the  Soviet 

union's  arsaial  used  in  this  small  attack  is  calculated  in  the  traditional 
way,  using  eqiivalait  megatons.  The  area  enclosed  within  the  blast  contoir 
increases  as  the  twcvthirds  power  of  the  yield,  so  that  a  one-m«aton 
bcmb,  which  has  1000  times  the  yield  of  a  one-kiloton  bomb,  does  only  10O 
times  as  muah  blast  damage.  The  destructive  force  of  either  superpower's 
nuclear  m-senals  is  usvmlly  calctdated  by  taking  the  yield  of  each  weapon 
in  megatons,  raising  that  number  to  the  two-thirds  powa-,  and  then  adding 
up  the  modified  numbers.  If  the  blast  wave  were  in  fact  responsible  for 
most  destruction,  this  would  be  a  reasonable  approtimation.  But  in  the 
case  where  heat  and  fires  do  most  of  the  damage  -  as  is  probably  the  case 
for  attacks  on  cities  -  a  better  approximation  is  just  to  add  the  yields 
of  the  weapons  together,  because  the  area  exposed  to  a  given  thermal 
effect  rises  more  nearly  linearly  with  yield.  IT  we  call  these  megatons 
"absolute"  megatons,  then  the  attack  described  in  the  p-evious  paragraph, 
rathe-  thai  using  2»  of  the  Soviet's  equivalent  megatons,  instead  uses 
only  about  1.5»  of  their  absolute  megatons  [51.  This  is  not  a  big 
difference,  but  *solute  megatons  have  the  advantage  of  simpiicity  as 
opposed  to  the  arcane  eid  ja-gony  equivalent  megatons  -  a  term  often  used 
to  obscure  larger  Issues.  nevertheless,  to  keep  our  calculations 
conservative,  we  will  in  general  describe  the  size  of  Soviet  attacks  in  the 
tralitional  manna-,  using  equlvalait  megatons,  but  to  show  how  this 
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overestimates  the  size  of  the  attack,  we  will  occasionally  also  give  the 
absolute  megaton  figires. 

Before  going  further,  one  more  special  effect  of  nucleer  weapons 
deserves  attention.  A  single  multi-megaton  detonation  100  miles  above  the 
central  Ihited  States  would  create  a  tremendous  voltage  surge  (an 
electromagentic  pulse  or  EMP)  over  the  entire  nation  that  could  very  w^l 
dan^e,  destroy  or  disript  for  varying  periods  of  time  all  electric 
circuitry  including  computer  systems  and  telephone  systems.  Government 
studies  say  that  the  nation's  electricity  grid  diould  not  be  relied  on  for 
power  after  a  nuclear  attack  [6]. 


BASK  ATTACK  SCEHAR3DS 

The  rest  of  this  chapter  will  be  devoted  to  discussing,  qualitatively, 
the  Soviet  attack  scenarios  —  and  their  aftermaths  —  that  we  will  be 
usirg  in  this  report.  This  qualitative  discussion  will  serve  as  a  rough 
physical  check  on  the  "reasonableness"  of  the  more  quantitative  results  of 
runnirg  these  scenarios  through  the  FEMA  computer  modd.  Succeeding 
chapters  will  describe  the  scenarios  in  greater  detail  (targets,  nunber  and 
yield  of  weapons  per  target),  and  will  also  describe  the  results  of  running 
the  FEMA  computer  mod^  with  the  attack  scenarios  as  inputs. 

]h  this  report,  we  will  consider  two  basic  attacks.  The  first  is  one 
designed  to  kill  or  injure  about  60%  of  the  American  people  and  destroy 
about  40%  of  its  industry  directly.  This  60/40  attack  is  a  slight 
modification  of  an  attack  described  by  Arthur 'Katz  in  his  book  life  After 
Nuclear  Vfar  [?].  The  second  is  a  much  smaller  attack  specifically  designed 
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to  collapse  the  U.S.  economy  by  drastically  curtailing  energy  production. 
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This  will  be  called  the  couiter-energy  attack. 


The  60/40  Attack 

The  (om  attack  uaea  ^ut  6.5*  of  the  Soviets'  equlv^mt 
.^atonnage,  or  390  e<,.lval«t  megatons,  b*  only  abo^  5*  of  their 
^eblute  ^egatona.  Ti«  attack  c^alata  of  abo^  500  550-kUoton  weapons 
targeted  against  the  70  or  »  largest  U.S.  ciUes,  and  a  few  h»dred 
iOO-kiloton  weapons  Urgeted  against  key  Wustrles  such  as  steel 
production  and  petroleum  refining. 

These  weapons  devastate  Bost  of  the  irbai  area  of  the  Uiited  States. 
3„d  so  the  toBeiiate  casualties  appro^h  110  to  130  Billion  people.  »  the 
60/40  attack,  virtaelly  all  of  tie  area  of  the  100  or  so  largest  cities  and 
their  safurtis  is  contained  within  the  10-calorie  contour  of  at  least  one 
weapon.  This  atUck  is  so  l^ge  tint  Itew  York  dty  gets  60  nuclear 
weapons,  Ii5S  Angeles  and  Chicago  40,  Boston  17,  St.  louis  16,  Milwaukee  10, 
lallas  6.  and  «cron.  OUo  5.  Fbr  cities  targeted  with  several  weapons,  the 
^eas  between  weapons  Bight  r«eive  four  blast  waves  of  about  4  psi  and 
fo,r  therBal  pulses  of  about  25  emeries  per  sapisre  centiBeter.  There  is 
such  ov^kill  in  ttts  attack  tiet  if  sose  of  the  S»iet  weapons  were  to 
prove  Birellable  and  fail  to  vork.  the  mvaical  dsBSge  would  not  be 

appreciably  reduced. 

Vdth  60  weapons  targeted  on  Hew  York  aty.  ManhatUn  could  easily  be 
cov^ed  by  10  to  20  P^  in  ort^  to  level  it.  and  tiree  airports  -  Hev«rk. 
U  Ocardia.  and  Kennedy  -  could  be  t^ned  into  raiioacUve  craters  with 
nlrect  giound-birstiig  attacks  (The  Bain  physical  difference  that  »uld 

oecu-  in  this  attack  if  some  fhacUon  of  the  weapons,  say  on^tWrd.  were 

4a  ^  t*Vv»  air  would  be  that  roost  of  the 

detonated  on  the  ground  instead  of  in  the  air  wouio 


cities  would  be  rendered  uninhabitable  for  a  long  time  by  radiation). 

Any  survivors  of  the  direct  attack  in  the  cities  would  very  likd.y  be 
injired,  with  little  chance  of  escaping  aiy  nearby  fires.  Since  medical 
personnd.  tend  to  be  concentrated  in  cities,  probably  some  75%  to  95%  o: 
the  nation’s  doctors  will  themselves  be  killed  or  severely  injured  by  this 
attack.  Without  much  food,  medical  attention,  or  fud.,  the  prospects  of 
survival  for  even  the  uninjured  survivors  are  not  very  good.  CUtside  help 
will  be  extremd.y  unlikely,  since  the  major  ports  and  airports  in  the 
comtry  will  destroyed  (and  perhaps  irradiated),  and  the  rest  of  the  world 
may  itself  be  struggling  as  much  as  the  Uhited  States. 

Thus,  very  soon  after  the  attack,  most  injired  people  would  probably 
have  died  fran  seme  combination  of  fires  and  lack  of  food,  shd.ter,  or 
medical  attention.  Within  a  week,  the  overall  fatalities  would  probably 
exceed  65%  of  the  Anerican  population  ■—  perhaps  160  million  people. 

The  attack  would  physically  destroy  about  40%  of  the  nation's 
manufacturing  capacity,  although  as  much  as  70%  or  more  would  probably  be 
subjected  to  some  combination  of  blast,  heat  and  fires. 

The  60/40  attack  we  are  considering  is,  however,  very  unbalanced  in 
that  it  specifically  targets  certain  tey  "bottleneck?*  industries  that  the 
rest  of  the  economy  relies  on.  Petroleun  refining,  iron  and  sted.  works, 
nonferrous  metals  and.ting  and  refining,  engines  and  turbines,  electrical 
distribution  products,  and  drug  manufactiring  are  reduced  to  about  2%  to 
3%  of  their  pre-attack  levd. 

The  result  of  the  loss  of  the  nation's  petroleun  refining  capability  is 
particularly  decisive.  Even  if  the  nation  were  still  importing  fu^,  it  is. 
very  likely  to  be  uireflned  fuel  that  we  receive,  since  under  a  third  of 
imported  petroleun  is  refined,  currently.  But  with  every  major  port 
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destroyed  and  perhaps  irradiated,  and  the  rest  of  the  world  struggling  to 
avoid  collapse  after  the  devastation  of  the  Uiited  States,  imports  are  very 
uilikely.  Several  additional  Soviet  weapons  lamched  against  Mexico  and 
Canada  would  render  them  unable  to  help  America.  The  Alaska  pipeline  and 
the  strategic  petroleum  reserves  are*  ^ so  easy  targets  for  nuclear 

weapons. 

Since  almost  all  of  the  fuel  used  in  transportation  is  derived  fV-om 
petroleum  (and  most  of  the  rest  is  derived  from  natural  gas  and 
electricity,  which  would  be  equally  unavailable  after  the  attack), 
traisportation  would  grind  to  a  stop,  with  catastrophic  consequences  to  all 
surviving  denents  of  the  economy,  especially  food  distribution.  Stores  of 
gasoline  would  be  very  scarce.  Massachussetts,  for  Instance,  loses  90%  of 
its  gasoline  in  the  attack.  Attempting  to  rebuild  the  refineries  would  be 
time-consunit«  enough  without  petroleum  and  steel,  but  it  would  be  even 

more  difficult  without  transportation. 

Thus,  it  woudd  be  reasonable  to  expect  that  the  FEMA  computer  mod^ 
should  show  economic  collapse  following  this  60/40  attack,  it  would  also 
be  reason^le  to  expect  that  a  much  smaller  attack  could  have  a  similar 
effect.  Indeed,  more  than  half  of  the  weapons  dropped  on  the  m^r  cities 
in  the  60/40  attack  are  probably  superfluous.  Bat  more  significantly,  if 
energy  facilities  rather  than  the  m^or  cities  are  the  primary  targets,  the 
effect  on  the  economy  seems  likely  to  be  juost  as  catastrophic. 

Oointer-Energy  Attacks 

For  this  reason,  the  second  basic  attack  we  will  consida*  in  this 
directed  primarily  against  the  energy  sector  of  the  U.S. 


report  is  one 
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ecjonomy.  The  targets  in  this  ’’energy"  attack  include  some  95%  of  the 
united  States’  petroleum  refining  capacity,  as  well  as  the  strategic 
petrol eun  reserve,  and  key  petroleum  and  natural  gas  pipeline  nodes,  lb 
reduce  imports  to  a  trickle,  all  of  the  nation’s  ports  are  also  targeted. 
fe  in  the  larger  attack,  transportation  would  grind  to  a  standstill. 

The  energy  attack  requires  about  240  weapons  —  a  mixtire  of 
5504<iloton  and  2004ciloton  weapons  —  that  make  vp  aider  2%  of  the  Soviet 
union’s  equivalent  megatons  (but  only  1%  of  its  absolute  megatons).  Frcm 
Anchorage  to  Miami,  many  of  the  targets  of  this  attack  lie  in  m^or  cities 
across  the  nation  —  even  though  energy  facilities,  and  not  population 
centers,  are  the  targets.  Of  the  twenty-five  largest  cities  in  the  Ihited 
States,  all  but  seven  receive  one  or  more  weapons.  New  York  city  suffers 
two  nuclear  bombs,  los  Aigeles  six,  Chicago  fou-,  Hiiladelphia  three, 
Houston  three  and  Seattle  two.  Detroit,  San  Fhancisco,  Boston,  St.  louis, 
Pittsbo'gh,  Minneapolis,  Qeveland,  San  Diego  and  Denver  are  each  targeted 
with  a  weapon.  Cne  hundred  weapons  altogether  fall  on  Texas,  Louisiana, 
California,  Cklahoma,  and  Mississippi:  these  states  refine  oil  and  contain 
many  ports  and  oil  stor^e  terminals.  Also  heavily  targeted  for  their  port 
and  refining  facilities  are  Florida,  Ulinios,  Ifew  York,  and  Pennsylvania. 
5i  fact,  almost  every  state  is  targeted  in  this  small  attack,  devastating  a 
total  of  481  cities,  towns,  and  sUbo'bs  [8].  With  every  significant  port  in 
the  united  States  destroyed,  it  would  become  extremely  difficult  to  import 
anything  and  practically  impossible  to  import  those  commodities  that 
require  special  pOT*t  facilities  such  as  petroleum. 

The  basic  energy  attack  uses  about  one-third  the  number  of  weapons 
that  the  60/40  attack  uses,  and  would  result  in  perhaps  20  million 
immediate  deaths  and  5  million  injured  [93*  Ffearly  40  million  live  in  the 
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targeted  cities  and  towns,  making  it  very  likely  that  another  15  million 
would  not  be  able  to  escape  the  immediate  effects  of  the  attack.  “ITiis 
could  include  threats  to  the  health  of  survivors,  from  contamination  (a 
result  of  fallout,  toxic  leaks,  and  decaying  corpses)  and  from  a  lack  of 
medical  care  and  food.  Many  additional  jprobl eras  would  immediately  result 
frcra  the  collapse  of  local  government  and  infrastructure.  3h  both  this 
and  the  60/40  attack  scenario,  the  lack  of  energy  and  transportation  means 
that  it  is  very  possible  that  a  significant  fraction  of  the  survivors  would 
starve  to  death. 

order  to  examine  the  effects  of  destroying  many  of  the  resources 
required  to  rd)uild  the  economy,  particularly  energy  facllites  and  others 
destroyed  by  the  attack,  we  will  also  consider  slightly  larger  versions  of 
the  basic  energy  attack,  in  these  scenarios,  which  we  label  the  "Oomter- 
Ehergy  Oouiter-Ihdustry"  attacks,  we  target  a  few  more  bottlenecking 
industries  such  as  primary  iron,  steel  and  nonferrous  metals  production, 
semiconductor  manufactiring  and  engines,  turbines,  motors  and  generators 
manufacturing.  The  loss  of  most  of  the  nation’s  capacity  to  produce  these 
items  could  make  rebuilding  petroleum  refineries  even  more  difficult  and 
further  prolong  recovo^y.  Yet  fewer  than  100  extra  weapons  could 
accomplish  this,  bringing  the  total  attack  size  to  just  over  2%  of  the 
Soviet’s  equivalent  mega  tonnage.  Qose  to  30  million  Anericans  would  die 

immediately  and  nearly  7  million  would  be  injured.  The  additional  weapons 
would  fall  on  major  cities,  including  Los  Angd.es,  San  Jose,  Phoenix, 
Detroit,  Newark,  Pittsburgh,  Houston  and  ffilwaukee.  The  states  most 
heavily  targeted  in  this  attack  are  those  that  contain  a  high  concentration 
of  all  types  of  industry:  Pennsylvania,  Chio,  California,  Illinois,  Michigan, 
New  York  and  Indiana.  Since  this  attack  combines  the  negative  effects  of 
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losing  key  primary  and  secondary  Industries  with  the  removal  of 
traisportation  capacity  through  the  loss  of  petroleum,  the  effects  of  the 
attack  csn  only  be  worse  than  the  already  calamitous  consecjjences  of  the 

energy  attack. 

conclusion,  then,  it  is  not  surprising  that  the  FEMA  computer  model 
indicates  the  U.S.  economy  is  devastated  by  all  of  the  attacks  we  consider. 
This  will  become  even  clearer  as  we  ttrn  to  a  more  detailed  discussion  of 
the  vulnerability  of  the  national  economy  to  attack. 
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CHAPTER  TVO 

THE  US  ECONOMY  AS  A  TAR(XT 

PART  ONE:  THE  STRUCTURE  CF  THE  U.S.  ECONOMY 

The  U.S.  economy  is  very  vulnerEible  to  nuclear  attack  because  its 
industry  is  highly  integrated  and  interdependent.  Economic  activity  depends 
on  a  few  essential  industries  which  cannot  be  replaced.  The  energy  sector 
is  essentisQ.  to  sustaining  economic  activity:  otha"  particularly  important 
industrial  sectors  include  iron  and  steel  works,  nonferrous  metals 
processing,  electronic  components,  and  petroleum  products. 

The  various  components  of  U.S.  industry  can  finction  only  when  the 
rest  of  the  economy  is  producing  sufficient  goods  and  services.  Naturally, 
the  needs  of  each  sector  are  different;  yet,  two  factors,  the  sn>ply  of 
raw  materials  and  the  services  of  the  supporting  in fV*a structure,  are 
essential  to  production  in  any  industry.  The  transportation  and 
commmication  networks  are  crucial  elements  of  this  support. 

In  addition,  many  of  the  key  industries  are  especially  vulnerable, 
since  they  are  frequently  geographically  concentrated,  are  inflexible  in 
material  requirements  and  depend  critically  on  computer  and  transportation 
networks.  This  chapter  will  explore  the  characteristics  of  the  economic 
structure  that  are  responsible  for  its  inherent  vulnerability. 
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i)  Economic  Interdependence 


A  handful  of  industrial  sectors  are  extremdy  critical.  If  these 
sectors  produce  less,  the  industries  dependent  on  these  products,  suffering 
a  shortfall  in  essentiaQ.  input,  also  produce  less.  The  originsd  shortfall 
is  transmitted  and  amplified;  thus,  the  final  damage  is  far  more  severe 
than  what  may  be  initially  apparent. 

A  1977  Congressional  report  on  Industrial  Defense  and  Nuclear  Attack 
by  the  Joint  Committee  on  Defense  Production  discussed  this  amplifying 
effect  [1]: 

Dam^e  to  one  of  the  elements  of  the  [economic]  system 
will  have  consequences  that  ripple  throughout  the  rest 
of  this  intricate  structure  with  a  severity  that  depends 
on  the  significance  of  the  damaged  portion  and  on  the 
extent  of  the  damage...  An  economy,  therefore,  can  be 
crippled  and  perhaps  extensively  damaged  for  periods  of 
time  amotnting  to  years. 

Five  of  the  most  significant  economic  sectors  identified  in  government 
studies  are  iron  and  sted.  foundries  and  forging,  blast  furnaces  and  basic 
steel  products,  machinQ"y  manufacturing,  electronics  manufacturing,  and 
petroleun  refinir«.  Although  these  industries  directly  accovnt  for  only  a 
small  fraction  of  national  production,  a  drop  in  their  output  would  be 
disproportionately  disruptive  to  the  rest  of  the  economy.  A  study  prepared 
for  the  Arms  Control  and  Edsarmament  Agency  (ACDA)  in  1974  [2]  assessed 
the  effect  of  small  reductions  of  only  10%  in  the  productive  capacity  of 
these  key  industries.  The  final  demand  shortfall  affecting  the  rest  of  the 
economy  was  calculated  using  input-output  analysis  (while  such  a  technique 
may  be  insatisfactory  in  representing  the  post-attack  economy,  it  serves  to 
illustrate  how  one  industrial  sector  can  influence  others).  The  impact  was 
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multiplied  as  it  was  transmitted,  since  each  of  these  sectors  provides 
essential  input  for  many  other  sectors.  The  iron  and  steel  foundries  and 
forging  sector,  essential  for  steel  production,  provides  input  for  about 
100  other  sectors.  Followit^  the  10%  drop  in  its  capacity,  production  in 
dependent  industries  would  drop  even  more,  and  the  final  demand  shortfall 
would  be  over  40%,  more  than  foir  times  the  initial  shortfall.  The 
disproportionality  of  the  effect  is  a  result  of  the  singular  importance  of 
the  steel  industry,  which  provides  supplies  to  so  many  other  sectors: 
maiufacturing  automobiles,  motors,  engines,  machines,  turbines,  measuring 
devices,  tools,  steel  girders  and  communications  equipment,  to  name  a  few. 
Similarly,  the  other  four  critical  industries  identified  each  si^jply  over 
100  others;  if  any  of  the  foir  were  to  suffer  a  10%  reduction  in  output, 
rd.ated  industries  would  experience  a  drop  in  output  of  30  to  40%.  These 
exanples  demonstrate  the  potential  disruptiveness  of  even  an  extremd.y 
small  Soviet  attack,  perhaps  consisting  of  just  a  few  weapons. 

This  multiplyir^  dam^e  might  not  be  immediatd.y  apparent  following 
an  attack  designed  to  bottleneck  the  economy.  If  a  limited  attack  were  to 
destroy  several  sectors  but  leave  most  industries  with  their  stocks  and 
inventories  intact,  the  shortfall  in  a  key  sector’s  production  would  not 
instantaneously  reduce  production  in  all  dependent  sectors.  Instead,  there 
would  be  a  time  delay  during  which  the  inventories  would  continue  to  be 
used.  Economic  activity  could  possibly  be  sustained  for  some  months 
immediately  following  such  an  attack.  After  some  delay,  however, 
inventory  supplies  would  be  depleted  and  the  lack  of  output  would  begin  to 
limit  production  in  dependent  industries,  which  would  in  turn  influence 
others.  The  damage  would  propagate  throughout  the  economy  and  output 
would  fall.  51  a  statement  presented  to  a  House  of  Representatives 
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subcommittee  in  1961,  Sidney  Vftnter,  an  analyst  fy*ora  the  Rand  Corporation, 

described  the  problen  ”of  whether  resuming  production  of  the  necessities  of 

life  can  be  restored  before  inventories  are  depleted"  In  dire  terms  [3]: 

Uhtil  this  task  of  restoring  production  is  accomplished,  there  is 
a  continuing  threat  that  the  economic  system  will  go  into  a 
spiral  of  cumulative  disorganisation,  a  spiral  which  will  come 
to  an  end  only  at  a  much  lower  levd.  of  economic  life... 

In  order  to  sustain  economic  viability,  seme  minimum  levd.  of 
production  would  have  to  be  restored  before  inventories  were  significantly 
depleted.  Otherwise,  economic  activity  would  necessarily  be  degraded  for  a 
prolonged  period  of  time.  Inadequate  inventories  would  cause  manufacturing 
to  fall,  which  would  reduce  further  the  economy’s  ability  to  produce  and 
maintain  capital  stock.  This  would  further  diminish  manufacturing 

capacity.  At  the  end  of  this  collapse,  survivors  might  well  be  occupied 
with  agricultural  subsistence  instead  of  industrial  production. 

Building  up  even  lariger  stockpiles  of  required  materials  or 
substitutes  for  the  targeted  products  could  reduce  the  immediate  impact  by 
allowing  dependent  industries  to  continue  production  for  a  limited  time. 
Vfi.thout  a  continuing  siqpply  of  these  requirements,  however,  stockpiling 
could  only  d^ay  and  never  prevent  economic  collapse.  Moreover,  if 
stockpiles  became  large  enough  to  be  significant  to  post-war  recovery,  then 
they  become  targets  themselves.  The  strategic  petroleum  reserve  is  a 
prime  example  of  this. 

As  for  finding  substitutes  for  these  key  products,  the  most  vital 
requirements  for  recovery  cannot  be  readily  replaced:  how  can  new  machine 
parts  be  manufactured  without  steel,  in  time  to  stave  off  collapse?  How 
can  the  steel  manufacturing  industries  be  reconstructed  without  steel? 
And  if  there  are  svbstitutes  for  steel,  how  can  the  manufacturing  capacity 
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needed  for  conversion  to  these  new  materials  be  acccmplished  without 
steel? 

Strategic  targeting  during  Vforld  Vfer  n  illustrated  the  importance  of 
industries  whose  products  are  critical  to  other  production,  according  to  an 
Prms  Control  aid  Disarmament  Agency  Study  study  on  war- supporting  industry 
[4]; 

When  contemplating  limited  nuclear  strikes,  it  is  possible  to 
devise  attacks  which  destroy  a  particular  critical  plant  or 
industry,  thus  seventy  limiting,  if  not  totally  bottlenecking, 
the  war  production.  The  Vforld  War  n  example  of  the 
ballbearing  plant  has  been  diplicated  in  current  strategic 
postures,  bearir^  in  mind  present-day  dependence  on  small 
precision  insturaents  and  other  kinds  of  highly  critical  and 
highly  concentrated  technological  industries. 


The  destruction  of  key  aiergy  facilities  vouLd  be  even  more 

devastatir«  thai  targetir«  the  high-technology  equivalent  of  the 

ballbearing  plant  [53.  After  the  Second  Vforld  Vfer,  a  German  chief 

electrical  engineering  designer  concluded  [6]: 

The  war  would  have  finished  two  years  soono"  if  you  had 
concenlrated  on  the  bombing  of  ou*  power  plants  earlier.  The 
best  plants  to  bomb  would  have  been  the  steam  plants.  CXir 
own  air  force  made  the  same  mistake  in  England.  They  did  not 
go  after  Ehglish  power  plants  and  they  did  not  persist  when 
they  accidentally  damaged  a  plant.  You*  attacks  on  ou*  power 
pleffits  came  too  late.  This  job  should  have  been  done  in  1942. 

Without  our  public  utility  power  plants  we  could  not  have  run 
our  factories  and  product  war  materials. 

The  availability  of  adequate  energy  supplies  is  perhaps  the  single 
most  influenUal  determinant  of  economic  activity.  Vttttout  the  petrol eun, 
coal,  gas  and  electricity  that  fuel  U.S.  factories,  production  would  grind 
to  a  telt.  Substitutes  for  fossil  fuels  cannot  run  the  nation’s  economic 
machine  without  extensive  and  energy-intensive  conversion.  -Indeed,  it  is 
often  true  that  a  particular  facility  simply  cannot  switch  fud.s.  ]h 
addition,  energy  facilities  and  stores  can  be  easily  destroyed  by  small 
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weapons,  since  they  are  so  flammable.  With  energy  sipplies  constricted, 
the  national  economy  would  be  crippled  and  could  collapse.  Anerica’s 
energy  dependence  and  the  particular  importance  of  petroleun  is  confirmed 
by  economic  analysis  and  historic^  evidence,  discussed  in  greater  depth  in 
the  section  entitled  "The  Rale  of  Ehergji". 

ii)  Industrial  Concentration 


A  1978  Aras  Control  and  Disarmament  /Igency  [73  study  found  that  half 
of  all  US  industry  is  concentrated  on  two- thousandths  of  the  total  land 
area  (7,400  square  miles).  These  industrial  Installations  lie  within  fewer 
than  SCO  circles  of  radius  1.7  miles  or  less.  A  very  small  weapon  (about 
100  kilo  tons)  could  devastate  each  target.  The  destruction  of  50%  of  all 
of  the  nation’s  industrial  Installations  would  expend  the  equivalent  of  a 
few  percent  of  the  total  Soviet  megatonnage.  Yet  an  even  smaller  attack, 
destroying  less  than  half  of  all  industry,  could  cause  economic  collapse 
(as  we  will  attempt  to  show  in  later  chapters),  particularly  if  the 
targeting  were  directed  at  the  essential  industries. 

Some  industries  are  more  vulnerable  to  nuclear  attack  than  others 
because  they  are  more  geographically  concentrated.  For  instance, 
petrcauem  refineries  tend  to  be  built  in  cluste*s.  The  location  of 
petroleum  extraction  facilities  is  naturally  constrained  by  the  location  of 
oU  fields,  which  are  often  highly  concentrated.  Petroleun  refining  and 
petrochemical,  plastics  and  fertilizer  manufacturing  facilities  are  often 
built  near  the  attraction  facilites  to  save  transportation  costs.  These 
industries  are  almost  as  concentrated  as  petroleun  extraction  sites.  If 
petroleum  refineries  were  targeted,  many  other  industries  would  suffer 
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heavy  damage.  This  is  referred  to  as  collateral  damage. 

Followl.*  *  attack  on  major  U.S.  cities,  for  instance,  collateral 
danage  vculd  extend  to  the  natural  centers  of  the  transportation  netvork 
_  raU  are!  highway  interchanges,  ports,  and  airports.  IW  construction  of 
new  ports  would  be  more  difficult  after  an  attack  once  the  best  natural 

harbors  were  devastated. 

The  graphs  on  the  next  few  pages  demonstrate  the  concaitration  of 
seme  of  the  most  essential  lixiustries.  The  percentage  of  the  national 
production  capacity  Is  plotted  against  nunber  of  vmapons  re<,dred  to 
destroy  each  anoint  for  each  of  several  Industries,  chosen  because  their 
capacity  is  concentrated  and  tinir  products  important.  The  weapons  are  ail 
ftlrly  small,  200  kilotons  or  550  kUotons;  the  radii  within  which  all 
plait  and  machinery  Is  assimed  to  be  destroyed  are  2.6  and  3.6  mttes 
respectively.  The  data  base  we  used,  a  commercial  survey  of  manufacturing 
plaits  [8]  gave  detailed  information  on  the  type  of  industrial  products  and 
the  factory  location.  Plaits,  or  clusters  of  plaits,  were  targeted  by 
size.  100*  of  the  petroleun  refining  industry  Is  concaitrated  in  M3 
target  areas  anl  half  In  merely  21  small  target  areas.  Virtually  the 
enure  capacity,  95*.  would  be  destroyed  by  90  weapons.  Ihe  plants  that 
comprise  80*  of  all  oUfleld  machinery  maiufacturlng  a-e  located  within  92 
target  areas.  The  primary  metals  sector,  which  Is  vitally  Important.  Is 
extremely -vulnerable  because  of  Its  concentration:  80*  of  all  blast 
firnaces  are  in  fewer  than  50  targets:  other  componacts  of  primary 
nonferrous  metals  maiufacturlri,  are  nimUarly  concentrated.  About  80*  of 
the  prima'y  nonferrous  metals  manufactiring  is  within  36  target  areas. 

Mustrles  dependent  on  these  primary  products  are  also  concentrated. 
For  example,  80*  of  the  engines  and  turbines  industry  Is  foind  within  the 


-  29  - 


lethal  radius  of  32  small  weapons:  80%  of  all  motors  and  generators 
manufacturing  could  be  destroyed  by  90  weapons,  but  destroying  half  of 
this  sector  would  take  only  30  weapons.  For  semiconductors,  80%  is  in  39 
target  areas  and  for  ball  and  roller  bearings,  29  targets  include  80%  of 

all  capacity. 

Within  these  target  areas  c^lateral  damage  would  be  significant  for 
even  ve*y  limited  attacks.  For  example,  a  small  90-weapon  "counter¬ 
petroleum"  attack,  equivalent  to  three-quarters  of  one  percait  of  the 
Soviet  arsenal  (45  equivalent  megatons  or  33.5  absolute  megatons),  would 
destroy  almost  all  the  petroleun  refining  capacity.  Collateral  damage 
would  be  extensive:  this  small  attack  would  also  ^iminate  on^fifth  of 
all  ports  and  between  5%  and  20%  of  many  industries:  primary  and 
secondary  ste^  and  nonferrous  metals;  raining,  construction,  and  oilfield 
machinery;  ball  aid  roller  bearings;  motors  and  generators;  power 
transmission  equipment;  ^ectron  tv*>es;  and  semiconductors. 

To  illustrate  the  extent  of  this  very  limited  attack,  we  list  the 
major  metropolitan  areas  targeted.  The  comter-petrolean  attack  would 
deliver  between  one  and  six  weapons  to  each  of  these  cities:  UiS  Angles, 
the  San  FVancisco  Bay  area,  Chicago,  Houston,  Denver,  Baton  Rouge,  St  touis, 
Detroit,  Memphis,  Riilad^phia,  Tbcoma  and  Q  feso.  Texas  would  be 
targeted  with  a  total  of  nineteen  nuclear  weapons,  touisiana  with  nine, 
California  with  ten,  and  Illinois  with  six.  Even  though  the  actual  targets 
are  petroleun  refineries,  many  of  the  weapons  would  explode  on  industrial 
sections  of  cities,  sometimes  several  within  the  same  irban  area. 

Selectivd.y  targeting  several  of  the  bottlenecking  industries  would 
require  far  fewer  weapons  than  the  nunbers  given  for  the  60/40  attack 
would  indicate.  Even  in  such  a  limited  attack,  collateral  damage  would  be 
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aiormom.  The  majority  of  governmental  offtoes,  aervioea,  tranaportatlon, 
comminteationa  and  energy  faollitlea  and  induatry.  Including  the 
infrastructure  needed  to  support  it,  is  located  in  these  same  cities. 

Most  important  of  all,  the  bulk  of  the  U.S.  population  (60%)  lives  in 
cities.  Following  an  attack  on  mixLtiple  industrial  targets,  many  of  which 
lie  in  cities,  most  of  the  inhabitants  of  targeted  cities  would  be  killed. 
Many  of  the  survivors  would  be  injured,  irradiated,  and  malnourished. 
Their  bodies’  immune  systems  would  be  impaired,  their  psychological  health 
shattered.  These  tens  of  millions  of  injured  survivors  would  require  care 
and  treatment  far  beyond  the  means  of  the  surviving  medical  community  [93. 
Toxic  chemical  leaks  and  radioactive  fallout  would  further  threaten  their 
survival.  Faith  in  the  official  leadership  and  the  traditional  work  ethic 
could  be  eroded  to  the  point  of  anarchy.  Yet,  as  we  shall  explain  later, 
because  these  effects  are  so  difficult  to  quantify,  we  have  chosen  the 
most  favorable  psychological  responses  to  the  disaster  -  in  our  baseline 
analyses,  the  labor  force  suffers  none  of  these  negative  effects  and  is 
instead  co-operative  and  productive.  Bit  because  the  U.S.  economy  is  so 
interdependeit  and  geographically  concentrated,  evai  under  these  most 
favorable  conditions  it  might  take  decades  to  recover  fhom  evm  a  small 
strategic  attack  consistir^  of  only  1%  to  2%  of  the  currait  Soviet 

arsenal. 


iii)  Support  Bifhastructure 

urban  caiters  contain  much  of  the  network  of  services  and  utilities 
needed  to  maintain  industrial  activity,  in  addition  to  much  of  the 
industrial  capacity.  Destroying  the  industrial  areas  would  destroy  water 
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aid  sewage  pumping  stations;  electricity  generation  and  transmission 
facilities;  energy  supplies  and  their  distribution  network;  repair  services, 
whose  assets  include  hunan  expertise,  records  and  machinery;  electronic 
information  processing  networks;  and  local  and  national  transportation  and 
commuiicaUon  s^tems.  Within  a  targeted  metropolitan  area,  a  factory  that 
did  not  suffer  actensive  physical  danage  could  still  be  debilitated  by  the 
collapse  of  the  economic  infrastructure.  Ch  a  national  scale,  the  most 
important  element  of  this  Infrastructure  is  the  transportation  network, 
which  is  treated  more  fully  in  the  next  section* 

Just  as  the  services  and  utilities  essential  to  Industrie  production 
form  a  supporting  infTastructire,  so  the  services  and  utilities  re<jjired 
for  personal  survive  are  needed  to  maintain  the  productivity  of  the  labor 
force.  This  sipport  system  Msuld  sdso  be  danaged:  hospitals,  schools, 
churches,  telephone  exchanges,  radio  stations  and  shops  destroyed;  food, 
medical  aid  energy  sipplies  restricted.  These  are  only  some  of  the  maiy 
factors  that  would  make  life  miserable  for  the  survivors,  and  severdy 
diminish  the  productivity  of  the  surviving  l*or  force. 

BJucational  and  research  institutions  are  another  key  element  of  the 
nation’s  economic  activity.  Following  an  attack  that  virtually  eliminates 
petroleum  refining  as  well  as  many  other  industries  that  utilise  high 
lev^s  of  technology,  the  need  for  new  manufacturing  technicjjes  and 
technological  innovation  would  be  intaisified.  Many  engineering  experts 
and  technicians  with  a  knowledge  of  plant  operations  would,  however,  be 
killed  in  the  attack  that  destroys  their  industries.  Records  of  plant 
design  and  specifications  would  be  obliterated.  Centers  of  learning  and 
research,  especially  professional  and  graduate  schools,  are  concentrated  in 
irban  areas.  Contained  within  the  70  or  so  largest  cities  are  of  the 
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nation's  institutions  of  higher  learning,  55%  of  all  undergraduate  aid 
graduate  students  and  70%  of  all  professional  students  [10],  These 
universities  attract  research  institutes,  consulting  firms  and  related 
industries,  especially  those  in  the  valuable  high- technology  fields.  The 
short-term  conseqMences  of  their  destruction  would  be  the  obstruction  of 
recovery  efforts  to  reconstruct  and  innovate.  The  long-term  consequences 
to  the  U.S.  economy  and  culture  of  the  loss  of  many  of  the  nation's  finest 
diversities  and  museums,  research  centers  and  sophisticated  industries 
would  be  immeasurable. 

iv)  Importance  of  Thansportation 

Transportation  is  vitally  important  to  the  nationally  aggregated, 
interdependent  economy.  Food,  raw  materials,  petrol eun  supplies,  and 
specialized  goods  (such  as  micro-d.ectronic  components),  produced  in  a  few, 
concentrated  areas,  require  rapid  transportation  to  all  parts  of  the  nation 
—  thousands  of  miles  daily.  Such  sectors  are  especially  vulno-able  to  a 
nuclear  attack  that  reduces  the  availability  of  transportation.  Many  of 
these  sectors  are  also  of  pararoomt  importance  to  economic  recovery. 

The  U.S.'s  economic  activity  is  increasingly  dependent  on  rapid 
transportation.  Since  inventory  holding  represents  an  avoidable  atpense 
and  since  national  transportation  is  reliable,  many  firms  now  hold  only  a 
minimum  inventory.  Because  the  transportation  system  is  efficient,  fewer 
provisions  are  made  for  its  failure,  which  increases  the  sensitivity  of  the 
national  economy  to  shocks  in  transportation  energy  supplies.  The  .oil 
crises  of  the  1970s  demonstrated  this  dramatically. 
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Most  threatening  to  the  transportation  network  is  an  attack  targeting 
its  essential  energy  supplies.  Petroleun  is  the  predoninant  fuel;  in  its 
absence,  automobiles,  trucks,  trains,  airplanes,  river  and  coastal  barges 
and  ships  would  almost  immediate y  grind  to  a  halt.  Petroleum  refineries 
—  considerably  more  concentrated  and  vulner^le  to  a  nuclear  attack  than 
the  nodes  of  the  transportation  network  —  represent  targets  whose 
destruction  would  have  catastrophic  effects  on  that  network.  As  we  have 
noted,  one  vulner^ility  of  the  U.S.  economy  is  its  complete  rd.iance  on 
the  transportation  system;  the  vulnerability  of  this  system,  in  turn,  is  its 
complete  rd.iance  on  petroleum.  The  importance  of  petroleun  will  be 
discussed  diortly. 

v)  Diformation  IVocessing 

Another  product  of  the  sophistication  and  specialization  of  the  US 
economy  is  its  dependence  on  information  processing.  The  transfer  of 
information  is  very  important  in  the  daily  functioning  of  the  national 
economy.  Computers,  electronic  financial  services  and  information 
processsing,  telephones  and  d.ectronic  communications  are  required  in  all 
industrial  sectors  to  transmit  and  record  Information  dcout  inventories, 
demand  and  production,  to  transfer  funds  and  to  monitor  accounts.  At  best, 
chaos  would  follow  a  nuclear  attack  designed  to  disript  these  services;  at 
worst,  economic  collapse  would  ensue.  Moreover,  as  described  in  the 
previous  chapter,  it  is  possible  that  a  single  one-megaton  weapon  detonated 
200  miles  above  the  central  U.S.  could  create  an  dectromagnetic  pulse 
that  would  severd.y  disrupt  all  ^.ectronic  and  d.ectrical  systems. 
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PART  TWO;  THE  ROLE  CF  ENERGY 

More  than  one  quarter  of  all  energy  consumed  in  the  Uiited  States  in 
1986  was  used  to  transport  people  and  goods.  Two  thirds  of  all  petroleum 
consumption  was  used  in  transportation,  in  1986,  almost  all  of  the  fuel 
used  In  transportation  was  derived  from  petroleum  (nearly  98%  of 
transp»rtation  was  powered  by  petroleum;  natural  gas  provided  2%;  and 
electricity,  less  than  0.5%)  [11]* 

TY-ansportation 

Since  a  few  hundred  small  warheads  would  wipe  out  virtually  all 
refineries,  ports,  strategic  reserves  and  the  pipeline  system,  and  would 
immediatd.y  reduce  petroleum  avalilability  to  near  zero,  such  a  small 
attack  could  almost  completely  stop  transportation.  It  could  take  many 
years  to  rebuild  oil  wells  and  refineries  or  develop  alternative  fud.s.  It 
could  take  just  as  long  to  reconstruct  ports,  pipelines,  and  pumping 
stations.  Reconstruction  itsd.f  would  be  severd.y  impaired  by  the  scarcity 
of  petroleum  and  transportation  after  an  attack.  The  extreme  flammability 
of  petroleun  and  natural  gas  only  adds  to  the  tremendous  vulnerablility  of 
these  fuels  to  nuclear  weapons. 

Post-attack  petroleum  requirements  can  be  reduced  through  eliminating 
leisure  and  nonessential  uses.  At  present,  air  transportation,  and  local, 
suburban,  and  interurban  highway  passenge"  transportation  accouit  for  under 
30%  of  the  transportation  sector's  energy  usage.  Motor  freight 
tr cffisportation  alone  uses  40%;  railroads  and  water  transport,  both  of 
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which  are  widely  used  to  transport  goods,  total  another  30%.  These 
i:f:ures  suggest  that  eliminating  passenger  transportation  in  an  effort  to 
■:  petroleun  consumption  would  probably  not  significantly  cut  fuel 
demand.  Yet,  this  might  be  outweighed  by  increased  transportation 
requirements  du-ing  recovery  efforts,  when  petroleun  would  be  needed  for 
the  reconstruction  of  industry  and  the  likdy  migration  of  much  of  the 
population  away  the  devastated  areas. 

Furthermore,  reducing  minimum  petroleum  recjjirements  vould  have 
little  effect  if  virtually  all  production  facilities  were  destroyed.  The 
U.S.  imports  over  a  third  of  all  the  petroleum  it  consunes;  however,  more 
than  90%  of  all  the  petroleun  used,  all  dcmestis  petroleun  plus  three- 
quarters  of  all  imports,  requires  refining  in  the  Ihited  States.  Foreign 
refinirg  capacity  may  not  be  sufficient  to  replace  U.S.  refineries,  but 
foreign  imports  would  probably  be  cut  off  in  the  aftermath  of  a  nuclear 
war.  Even  if  the  rest  of  the  world  were  in  a  position  to  hd.p  the  Uiited 
States,  ports  and  pipelines  would  be  destroyed  and  irradiated  in  even  a 
small  attack.  There  would  be  no  means  to  import  petroleum  without  this 
distribution  network.  Aid  once  again,  a  major  obstacle  to  repairing  tMs 
network  would  be  the  scarcity  of  petroleum  its^f  and  the  lack  of 
transportation  after  an  attack. 

The  bulk  of  the  U.S.  petroleum  refining  capability  is  in  fewer  than 
100  cities  and  towns,  which  are  located  mostly  in  Texas,  Louisiana,  New 
Jersey  and  California.  About  half  of  the  nation's  refining  capacity  is  in 
48  of  the  large?-"!  '  -"ies.  Cnly  90  weapons  i-jould  destroy  95%  of  the 
national  refining  capacity.  A  total  of  143  weapons  on  258  refineries  could 
devastate  100%  of  the  US  current  refining  capacity  [12]  to  bring  the 
nation's  oil  production  to  a  standstill.  Much  of  this  capacity  is 
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concentrated  near  oil  wells  and  the  nodes  of  the  pipeline  system,  in  the 
same  areas  where  strategic  petroleun  reserves  are  maintained.  Natural  gas 
extraction  and  processing  is  also  concentrated  in  these  areas,  in  Texas  and 
Lcuisiana.  in  the  other  industrial  regions  of  New  Jersey  and  Pennsylvania, 
much  of  the  essential  petrochemical  industry  is  located  close  to 
refineries.  While  petroleun  refinir«  would  be  halted,  so  too  would  crude 
extraction,  natural  gas  production,  and  petrochemical  maunfacturing.  The 
oil  and  gas  pipeline  would  probably  be  damaged  beyond  use  and  strategic 

reserv6s  l6ft  burning  mtil  depl6ted* 

Directly  following  a  carefully  planned  attack  on  energy,  the  U.S. 
would  have  lost  virtually  all  of  its  *ility  to  refine  or  import  petroleum. 
M  immediate  danger  following  a  sudden,  drastic  reduction  in  petroleum 
availability  is  that  this  stortfall  will  cut  off  access  to  existing  fuel 
stores  in  oil  fields.  The  nation  could  be  locked  in  the  desperate  position 
of  having  adequate  fuel  supplies  but  no  way  of  extracting  and  distributing 
them.  Ih  this  case,  the  fliel  would  be  useless.  FUel  is  needed  to  extract 
fud.:  thus  there  exists  some  minimun  aiergy  requirement,  an  energy 
threshold.  Chce  this  threshold  has  been  crossed,  economic  activity  would 
probably  dwindle  to  a  lower  level,  at  which  point  labor  replaces 
mechanization,  before  recovery  is  possible.  The  economy  could  fall  into  a 
"spiral  of  cumulative  disorganization"  [133?  energy  inadequacy  would  cause 
this  collapse.  The  spiraling  collapse  of  the  national  economy  would  be  the 
result  of  a  powerful  vicious  circle  that  is  inherent  in  our  nationally 
integrated  economic  structure.  A  minimun  amount  of  the  appropriate  fuel 
is  required  to  make  otha*  fud  reserves  available,  so  that  with  less  than 
enoi«h  fuel  available,  less  and  less  additional  fuel  is  available. 
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Despite  the  seeming  tmfrobability  of  eno-gy  availability  sinking  this 
low,  the  Government  of  India  found  itself  nearing  such  a  position  in  late 
1979*  The  Secretary  for  Industry,  V.  lO'idinamurthy,  described  the  situation 
in  the  New  York  Times  [14]: 

At  present  the  Nc.  1  problem  is  power.  A  power  cut  means 
lesser  output  in  coal  mines,  and  this  in  turn  means  a  fall  in 
thermal  power.  This  has  been  going  for  many  months.  It  is  a 
vicious  circle. 

The  crucial  importance  of  imm  edia  tel  y-av  ail  able  substitutes  for 
petroleum  in  transportation  is  evident.  In  the  next  section,  we  discuss 
possible  transportation  fuels. 

Replacing  Petroleum 

As  we  have  seen,  immediatd.y  following  an  attack  on  energy,  refined 
petroleum  would  be  scarce.  Lh fortunately,  the  extent  to  which  gasoline 
use  can  be  cut  back  without  industry  and  consumers  suffering  severe 
consequences  is  limited. 

According  to  forma"  Department  of  Eha'gy  assistant  secretary  Alvin 
Aim  [15],  a  reduction  in  petroleun  imports  of  6  or  7  million  barrels  per 
day  (a  drop  of  about  40 J  in  imports)  would  render  the  nation  ’’virtually 
immobile  and  plunge  the  economy  into  a  slide  worse  than  the  Great 
Depression.  Existing  government  contingency  plans  for  fuel  rationing.  Aim 
adds,  "would  lead  to  chaos....  Any  federal  attempt  at  rationing,  no  matter 
how  well  intentionsd,  would  increase  confusion  and  heighten  public 
cynicism."  Futhermore,  even  peacetime  crisis  planning  for  alternative  fuel 
devd-opment  can  be  difficult:  "all  these  decidedly  optimistic  scenarios 
for  increasing  energy  output  assume  an  extraordina“y  degree  of 
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governmental  and  financial  sipport”  [16].  It  is  (jjite  likely  that  such 
support  would  be  lacking  in  the  aftermath  of  a  nuclear  war. 

Domestic  US  consumption  of  petroleum  now  stands  at  16  million 
barrd-s  per  day.  Some  of  petroleum’s  industrial  uses  can  be  sitostituted  by 
other  fuels.  The  easiest  substitution  would  involve  ’’switching"  to  other 
fud-s  in  facilities  that  can  be  quickly  adapted  for  this  pirpose.  According 
to  a  report  by  the  National  Petroleun  Ooincil  Cl7]f  electric  utilities  have 
an  oil-to-gas  conversion  potential  that  would  eliminate  demand  for  about 
1.5%  of  total  petroleum  usage  (240  ME/D,  or  240  thousand  barrels  per  day). 
Under  the  best  peacetime  conditions,  it  would  take  six  weeks  to  convert 
electric  utilities.  In  industrial  boilers,  coal  can  replace  the  eQiivalent 
of  0.3%  of  the  total  oil  usage,  and  1.4%  of  gas.  Other  industrial  uses  of 
oil,  a  total  of  0.5%,  can  be  replaced  by  an  equivalent  amouit  of  gas  and 
electricity.  Switches  within  the  industrial  sector  could  be  realized  in  six 
months,  in  the  best  emergency  situation  (a  relatively  small  interription  of 
foreign  oil  supplies,  with  a  great  deal  of  governmental  efficiency).  lb 
reduce  total  oil  demand  another  0.4%,  electricity  presently  supplied  by 
oil-fired  plants  could  be  replaced  by  "wheeling  itf’  nuclear-  and  coal- 
genQ"ated  electricity  from  other  plants,  whose  generation  would  have  to  be 
stepped  tp.  All  these  measures  together  would  allow  a  reduction  of  4%  in 
petroleum  supplies,  in  the  face  of  near-complete  reductions  of  petroleum, 
such  measures  would  not  accomplish  much. 

The  extraction  of  coal,  a  substitute  for  petroleum  in  heating,  electric 
utilities,  and  industry,  is  now  dependent  on  petroleum.  Efficient  strip 
mining  requires  huge  gasoline-fueled  power  shovels  and  high-speed  uiit 
trains,  which  shuttle  betweai  coal  field  and  market  center  and  are 
essential  for  efficient  transportation  of  coal.  Alternative  means  of 
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extracting  and  transporting  coal  vould  be  implemented,  but  at  a  loss  in 
efficiency  and  productivity.  Since  the  most  accessible  ores- have  already 
been  mined,  mining  is  increasingly  capital-intensive  and  fuel-expensive, 
althoi^h  this  is  offset  somewhat  by  improvements  in  efficiency  through 
tectnological  development.  Typically,  of  the  fuel  used  in  coal  mining, 
^ut  half  is  petroleum  products.  Diesd.  fud  and  gasoline  account  for 
two- thirds  of  the  energy  used  in  surface  mines,  and  a  fifth  of  that  used  in 
underground  mines.  Including  the  transportation  of  cod  and  machinery  and 
the  commuting  of  workers,  petroleum  dependency  is  actually  very  much 
greater. 

The  energy  requirements  for  oil  and  gas  extraction  are  even  more 
demandir^  than  those  of  cod  extraction.  Nearly  tlree-quarters  of  dl 
energy  used  in  the  aitire  mining  sector  is  consumed  in  oil  and  gas 
extraction.  This  includes  neither  the  fud  lost  in  extraction  nor  the 
important  indirect  costs  of  drilling  and  exploration.  The  energy  cost  of 
natural  gas  refinement  is  30%  to  50%  of  its  own  refinery  fuel.  Th 
refining  done,  petroleum  ene'gy  requirements  eqaal  1/8th  of  its  energy 
equivdent. 

This  energy  expenditure,  unavoidable  and  not  insignificant,  does  not 
include  any  of  the  transportation  requirements;  these  dso  depend  heavily 
on  petroleum.  Both  naturd  gas  and  petroleum  pipelines  are  used 
extensively  for  distribution.  VJithin  these  systems  there  exists  about  a 
five  weeks*  supply  [18],  much  of  vbich  would  be  destroyed  in  the  attack. 
Any  remaining  would  prove  extremdy  difficult  to  retrieve  and  distribute. 

Perhaps  more  significaitly,  facilities  that  produce  these  petroleum 
substitutes  in  usable  form  —  gas,  cod  and  dectricity  (including  that 
fV'om  nuclear  reactors),  as  well  as  other  fuels  —  would  dso  have  been 
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destroyed  or  damaged,  severely  reducing  their  availability.  The  attack 
would  also  directly  destroy  much  of  the  means  for  the  nationwide 
transportation  of  these  aiergy  supplies.  Pipelines,  transmission  lines, 
control  equipment  for  electricity  networks,  and  the  key  nodes  of  the 
transportation  network  are  targets  in  this  attack,  either  intentionally  or 
because  they  happen  to  be  located  near  important  targets.  And  without 
adequate  supplies  of  these  forms  of  energy,  most  other  substitutes  for 

petroleum  could  not  be  mined  and  transported. 

Attempts  to  substitute  other  forms  of  energy  for  petroleum  thus  seem 
unlikd.y  to  significantly  improve  the  sevo-e  energy  shortage  after  an 
attack.  Ih  addition,  the  lack  of  transportation  would  prove  a  severe 
hindrance  to  any  attempts  to  deaQ.  with  this  post-attack  energy  shortage. 
Ftetroleun,  crucial  to  transportation,  would,  as  we  have  seen,  be  almost 
completely  unavailable  after  an  attack.  Neither  natural  gas  nor 
d.ectricity,  which  currently  provide  a  small  fraction  of  the  energy  used  to 
transport  materials  and  people,  would  be  available  after  a  nuclear  attack 
on  energy  facilities;  even  if  they  were,  they  would  be  relativd.y  useless. 
For  example,  a  small  amount  of  electricity  (only  0.2%  total  transportation 
energy  use)  powers  railway  trains,  mostly  urban  transit  systems.  These 
track-bound  shorthaul  systems  cannot  provide  the  necessary  interstate 
goods  conveyance  needed  to  sustain  the  post-attack  economy;  in  any  case,  if 
m^or  urban  centers  are  targeted,  they  would  be  devastated. 

The  pipeline  system  would  also  fail  following  a  strategic  attack. 
Natural  gas  powers  its  own  pip^ine  system  (which  is  included  in  the 
transportation  sector  as  the  conveyance  of  fuels  via  pipeline),  ^btural 
gas,  crude  petroleum,  petroleum  products,  co^  slurry  and  water  are  all 
distributed  by  pipeline.  Vast  stretches  of  the  pipelines,  including  the  key 
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nodes,  would  be  destroyed  in  the  attack,  and  damage  to  even  a  part  of  the 
system  can  make  the  entire  network  usd.ess.  Electricity  is  also  used  in 
the  pipeline  system,  driving  pumps  for  all  these  fuels.  Yet,  as  we  have 
seen,  ^ectricity  may  well  be  unavailable  directly  after  an  attack. 

Thus  it  is  likely  that  the  pipeline  system  would  be  inoperable  f  'ter 
an  attack.  If  pipd.ines  cannot  be  used  to  tranport  much  energy  after 
attack,  then  trains  or  trucks  will  have  to  do  it.  Yet,  existing  fuels  for 
those  vehicles  will  be  unavailable  after  an  attack.  And  the  extent  to 
vAiich  gasoline  can  be  siA>stituted  for  by  other  fuels  is  limited.  Goal,  the 
traditional  substitute  for  petroleum  in  industrial  boilers  and  dLectricity 
generation,  cirrently  has  no  direct  use  in  transportation.  Rebuilding  coal- 
powered  railway  locomotives  would  be  a  lengthy  process,  necessitating  much 
energy,  steel,  manpower  and  technical  expertise  that  could  well  have  been 
lost.  The  network  of  railway  lines  would  be  destroyed  in  many  places  and 
may  not  in  any  case  be  appropriately  distributed  to  serve  the  relocated 
survivors.  As  we  have  seen,  natural  gas,  and  nuclear  power  a'e  equally 
infeasible  as  transportation  fuels,  especially  in  the  months  following  the 
attack. 

Alternative  oiergy  soirees  include  synthetic  fuels.  After  the 
capital-intensive  process  of  synthesis,  however,  these  fud.s  still  require 
refining,  like  crude  oil.  ffetural  gas  liquids  ("wet"  gas  removed  fV^om  gas 
deposits)  recently  accounted  for  1/1 0th  of  all  domestic  oil  output.  Coal- 
based  synoil  and  syngas  production  is  more  capital-intensive  than  petroleixn 
refining,  and  large-scale  plants  for  synthesizing  liquid  fu^s  from  coal  do 
not  exist,  ^oil,  which  is  formed  fV*om  a  mixture  of  hydrogen  and  coal, 
must  also  be  refined  in  the  same  manner  as  crude  oil.  Oil-shale  and  tar- 
sands  present  two  potential  soirees  of  oil  but  are  also  as  yet 
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economically  unviable,  with  no  commercial  plants  operating.  Since  they  all 
require  refinir^  in  addition  to  synthesis,  any  of  these  alternative  fuels  is 

even  less  useful  than  crude  petrol eun. 

The  use  of  ethanol  as  a  motor  fuel  is  restricted  by  the  lead  time  and 
1  and- in  ten  at  y  of  its  production  process:  crops  used  to  produce  the  alcohol 
must  be  cultivated,  equipment  needed  to  synthesize  ethanol  manufactured, 
and  gasolln&-consuning  engines  converted.  li  addition,  agricultural  land 
not  contaminated  by  fallout  vgould  probably  be  needed  for  food  production 
and  the  availability  of  land  for  energy  crops  might  be  limited. 
Cbnceiv^ly,  some  of  the  contaminated  land  could  be  used  to  produce 
ethanol;  but  without  gasoline,  petrochemical  fertilizers  and  machinery 
parts,  much  l^or  would  be  needed.  Although  it  might  seem  that  the  US 
would  have  a  great  deal  of  access  crop  land  after  a  nuclear  attack,  the 
nation's  cvrrent  ability  to  produce  vast  amouits  of  food  is  dependent  on  a 
very  high  level  of  technology.  Moreova*,  by  increasing  the  size  of  their 
attack  and  grouid  bir sting  a  few  dozen  weapons  in  the  ^tidwest,  the  Soviets 
could  irradiate  tens  of  thousands  square  miles  of  cropland,  rendering  them 
vninhabitable  in  the  diort  term  and  severely  complicating  any  US  efforts  to 
grow  food  or  alcohol  crops. 

Thus,  none  of  the  components  of  the  transportation  sector  would  be 
opa-atit^  followir^  an  attack  that  eliminates  petroleum  refineries  and 
nodes  of  the  electricity  grid  and  pipeline  network.  The  dev^opment  of 
substitutes  for  refined  petroleun  would  require  sii>stantial  time, 
resources,  manpower  and  technological  expertise. 


Rebuilding  Ehergy  FaciliUes 


The  facilities  that  provide  energy  are  also  the  ones  that  require  the 
most  energy  to  construct.  Cf  all  types  of  construction  (including 
industrial  and  commercial  construction),  new  p)etroleun  pip^ines  -are  the 
most  energy-expensive,  followed  by  new  gas  utility  facilities,  new 
highways,  the  maintainance  of  petroleum  plp^ines,  new  oU  and  gas  wells, 
and  the  maintenance  of  oil  and  gas  wells  [19].  Ihe  first  items  on  this 
list  are  almost  exclusivd.y  concerned  with  producing  and  distributing 
aia*gy.  Maintaining  energy  facilities  in  working  order  uses  much  more 
energy  than  constructing  new  t^ephone  and  telegraph  facilities,  halfway 
down  the  list,  and  housing  and  hospital  construction,  about  two  thirds  of 
the  way  down  the  list. 

Besides  requiring  the  most  energy,  energy  facilities  also  require  the 
most  money  to  construct:  technical  expertise  and  specialised,  delicate 
equipment  are  expensive.  More  than  one  hundred  billion  dollars*  worth  of 
U.S.  power  stations  represent  the  most  valuable  fixed  industrial  asset  in 
the  country.  Oyogenic  tankers  for  transporting  LNG  (Lic^afied  ffetural  Gas, 
a  crude  oil  siiostitute  used  in  the  US  and  Canada)  are  the  costliest  non¬ 
military,  sea-going  vessels,  worth  $100  million  each.  ING  licfjefaction  and 
gasification  plants  cost  a  billion  dollars  each,  and  nuclear  power  plants 
are  even  more  ©(pensive,  representing  the  most  exp»nsive  plants  in  US 
industry.  Both  LNG  and  nuclear  power  plants  are  extremd.y  vulnerable. 
Even  without  a  direct  hit,  a  diock  wave  can  ripture  containment  vessels 
and  could  cause  massive  LNG  explosions  or  a  nuclear  plant  core  md.tdown 
spreading  high  levd.s  of  radiation  (apart  fVom  weapon  fallout)  that  would 
make  the  vicinity  vninhabi table  for  many  years  [20]. 
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The  capital-intensive,  energy-expensive  construction  of  energy 
facili'.fts  is  also  subject  to  another  constraint;  the  long  lead  times 
involved  in  building  new  power  plants,  nuclear  reactors,  and  petroleun 
refineries.  Typically  this  time  is  ten  years.  Average  construction  lead 
times  for  merely  repairing  substantial  damage  are  long  —  five  or  six  years 
for  a  coal-fud.ed  steam  power  plant,  eight  for  a  nuclear  power  plant. 
Often,  construction  can  be  stalled  for  many  months  or  longer  by 
requirements  for  exotic  materials  and  fabrication  techniques.  Following  a 
nuclear  attack,  these  essential  factors  would  be  mavailable.  indeed,  most 
of  the  inputs  required  to  rdjuild  refineries  —  such  as  sted.  and  other 
metals  —  are  explicitly  targeted  in  the  larger  attacks  because  they  are 
the  products  of  bottleneck  industries. 

Summary 

Ehergy  would  be  very  scarce  fw*  a  long  time  after  a  carefully  planned 
attack.  The  direct  targeting  of  petroleum  together  with  an  attack  on 
natural  gas  and  electricity  would  make  these  fuels  almost  completdy 
mavail^le,  which  would  in  turn  make  extraction  of  other  fuels  difficult, 
at  best.  In  addition,  transportation,  including  transportation  of  fuels, 
would  be  brovght  to  a  standstill.  The  crucial  post-attack  economic  goal 
—  producir«  and  transporting  enough  energy  to  keep  energy  availability. 
from  spiraling  rapidly  to  zero  —  might  well  be  mattainable  after  a 
properly  planned  attack,  a  point  we  will  examine  in  detail  in  later 
chapters. 

It  bears  repeating  that  we  are  not  suggesting  that  the  Soviets  are 
actually  planning  "tiny"  attacks  like  the  opu  cr- energy  attack,  but  rathe- 
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we  are  trying  to  ^ow  just  how  vulnerable  the  U.S.  economy  is  to  nuclear 


attack  [21]. 
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CHAPTER  THREE 
METHODOLOGY 


Gena-al  Problems  with  Computer  Models 

Computer  mod^ir«  of  social  and  economic  systems  is  about  three 
decades  old,  but  it  is  still  far  fhom  perfect  [1]  and  remains  a  source  of 
controversy  and  front  page  news  [2].  There  is  nothing  new  about  modding 
reality  so  that  we  can  understand  it  and  predict  its  future  state.  We  make 
use  of  mental  models  of  the  world  around  us  all  the  time.  Mental  models 
usually  involve  making  assumptions  about  the  system  to  be  raodd.ed  that 
allow  only  a  fraction  of  the  relevant  information  to  be  taken  into  account. 
The  model  may  prove  useless  because  1)  the  modeler  may  have  had  a 
parochial  p^spective  2)  she  may  have  had  incomplete,  dated,  or  biased 
information,  or  3)  ^e  may  have  been  unable  to  track  rationally  all  of  the 
assumptions  —  explicit  or  hidden  —  she  has  made  togetho"  with  all  of  the 
possible  alternatives. 

computer  models,  if  properly  contructed,  are  an  improvement  over 
mental  mod^s  because 

i.  They  are  explict,  and  their  assumptions  are  documented. 

ii.  They  compute  the  logical  consequences  to  the  assumptions  without 
error  or  bias. 

iii.  They  are  more  nearly  comprehensive,  interrelating  many  more 


factors  simultaneously  than  the  human  mind. 


-  47  - 


Rat  computer  models  have  diortcomings.  They  are,  for  instance, 
unable  to  deal  vrith  relationships  and  factors  that  are  difficult  to 
quantify,  or  which  are  outside  of  historical  experience  and  therefore 
difficult  for  the  modeler  to  replicate  in  the  computer  model.  All  models 
are  simplifications  of  reality;  their  utility  for  assisting  decision-makers 
improves  as  irrdevant  factors  are  left  out  of  them  and  all  assumptions 
included  or  excluded  in  the  model  are  clearly  stated  and  their  implications 
fully  explained. 

Simulation  models,  such  as  the  FEMA  modd  we  used  to  analyze  the 
effects  of  a  nuclear  attack  on  the  U.S.  economy,  are  meant  to  mimic  the 
real  system  —  in  this  case  the  U.S.  economy  —  and  help  us  ask  ”Miat  if?” 
questions  that  cannot  be  asked  using  the  real  system.  Simulation  models 
have  two  components  —  a  representation  of  the  physical  world  relevant  to 
the  system  under  study,  and  a  description  of  the  rd.evsnt  actors  in  the 
system  (in  this  case  the  economic  behavior  of  the  U.S.  people  after  a 
nuclear  attacW  and  how  and  why  they  make  the  decisions  they  make. 
Therefore,  a  simulation  model  does  not  tell  us  what  to  do,  but  rather  what 
will  happen  in  a  given  situation. 

A  simulation  model  is  only  as  good  as  the  assumptions  it  contains  and 
the  accuracy  and  adequacy  of  the  representation  of  the  physical  system  it 
describes.  CJood  simulation  models  are  flexible,  incorporating  feedback, 
non-linear  effects,  and  dynamic  behavior,  and  they  do  not  assume  that  the 
systems  they  represent  necessarily  be  in  equiblibrium  or  necessarily  behave 
in  the  future  exactly  as  they  have  in  the  past.  To  be  useful,  a  simulation 
modd  must  portray  the  changing  of  decision-making  patterns  in  response  to 
the  changing  conditions.  Vfe  cannot  assume,  for  example,  that  the  day  after 
a  nuclear  attack  people  will  behave  in  a  "business-as-usual"  pattern;  if 
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the  modd.  is  to  be  useful,  this  changed  pattern  roust  be  reflected  in  the 
roodd.  To  do  this,  the  roodder  has  to  draw  on  psychologicd, 
anthropological,  etlriographic ,  and  hlstoricd  data,  as  well  as  direct 
observation  and  interviews  of  the  rdevant  decision-makers.  All  this  is 
introduced  into  the  modd  in  the  form  of  variables  which  can  be  <jiite 
intar^ible  and  difficult  to  quantify  ("soft"  variables)  such  as  optimism, 
expectations,  fears,  and  desires  (as  opposed  to  "hard"  variables  like  GNP). 
Moreover,  these  variables  are  imposed  ot  the  modd  frcm  the  outside  (so- 
called  "exogenous"  variables,  as  o^josed  to  "endogenous"  variables,  again, 
such  as  GMP,  which  the  modd  cdcidates  itsdf).  Nevertheless,  dthough 
these  variables  are  both  soft  and  exogenous,  they  cannot  be  n^lected.  Ii 
the  FEMA  modd  they  are  introduced  parametrically,  under  the  collective 
name  of  "psychologicd  effects."  As  will  be  discussed  in  detail  further 
on,  their  presence  can  have  devastating  consequences,  and  to  ignore  them 
would  certainly  be  wror«.  We  chose  instead  not  to  use  them  in  any  of  our 
basdine  cases  to  avoid  overly  pessimistic  results,  and  then  examined  their 
effects  on  those  baseline  cases. 

A  Flawed  Ocmputer  Modd 

Some  of  the  potential  modding  pitfalls  can  be  seen  in  a  modd 
devdoped  by  the  Stanford  Research  Institute  (SRI)  for  the  U.S.  Army  and 
discussed  in  a  1973  report  entitled  "Andysis  of  the  U.S.  and  USSR  Potential 
for  Economic  Recovery  Following  a  Nuclear  Attack?’  [3].  Perhaps  the  most 
serious  problem  with  the  ail  study  was  its  aim  [H]:  "The  objective  of  this 
study  has  been  to  devdop  and  exhibit  prdiminary  but  plausible  postattack 
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recovery  schedules  for  various  levels  of  attack  objectives." 

That  is,  the  SRI  modd.  was  a  so-called  "growtif  modd  that  was 
designed  to  recover,  and  indeed  SRI  calls  its  static  l5”Sector  aggregated 
input-output  modd  the  "economic  recovery  modd."  Seme  of  their  results 
are  presented  in  Figure  3.1,  which  shows  the  behavior  of  OIP  through  time. 
GNP  follows  a  remarkably  similar  path  following  all  of  these  attacks  — 
even  thovgh  the  size  of  the  attack  ranges  fhom  250  to  1250  megatons.  Why 
is  this  so?  As  the  report  states  (emphasis  added)  [5];  "The  steady 
recovery  after  the  first  two  years  shown  on  all  schedules  is  built  into 
the  modds  but  is  considered  to  be  realistic  in  view  of  firm  government 
controls  svppressing  the  political  or  economic  perturbations  which  normally 
occur  in  peacetime."  There  are  several  problems  with  that  assimption: 

i.  Wiy  would  firm  government  contrd  avoid  post-attack  economic 
perturbations  when  many  experts  feel  that  government  control  is  a  large 
part  of  peacetime  economic  perturbations? 

ii.  Wbuld  centralized  coordinated  government  controls  be  possible 
after  as  many  as  1250  megatons  were  dropped  on  the  U.S? 

iii.  Most  important,  since  economic  collapse  —  or  at  least  economic 
stagnation  — —  following  a  large  nuclear  attack  is  at  least  a  possiblity, 
then  the  SRI  modd,  which  was  explicitly  designed  not  to  exhibit  either  of 
those  behaviors,  is  inherently  biased  and  unrealistic,  and  therefore  of  very 
questionable  use  to  any  prudent  U.S.  planner. 

Such  is  the  pitfall  of  building  the  desired  answer  into  yoir  modd. 
The  authors  of  the  SRI  report  have,  at  least,  stated  their  assumptions,  and 
they  concede  that  the  modds  they  use  provide  "ipper  limits  on  potential 
recova'y.  Projected  recovery  rates  should  prove  overly  optimistic  when 
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compared  vdth  rates  realilzed  in  a  real  case."  [6]  Yet,  even  in  the 
250-megaton  attack  of  the  SRI  report,  the  U.S.  economy  has  not  reached  its 
pre-attack  levd  9  years  aaer  the  attack  (and  the  GNP  is  far  less  than  it 
would  have  been  at  that  time  if  there  had  been  no  attack). 

Other  iltfalls  are  demonstrated  by  the  SRI  model's  simulated  250 
megaton  attack  on  petroleun  refining.  The  first  year  after  attack,  the  QIP 
was  23.7%  of  the  pre-attack  levd.,  the  second  year  it  was  down  to  21.8%, 
but  the  third  year  it  was  61.4% !  (the  fourth  year  it  was  70.6%  and  the 
fifth  year  it  was  93.7%).  Why  does  the  CWP  triple  between  the  second  and 
third  year?  "The  two  year  cycle  is  largd.y  a  consequence  of  the  two-year 
lag  assumed  to  be  required  for  capital  replacement."  [73  Because  the 
nature  of  post-attack  capital  investment  and  replacement  can  only  be 
guessed  at  in  the  SRI  mod^,  the  capital  replacement  time  lag  variable  is 
an  exogenous  one  in  the  sense  that  the  modeler  has  to  arbitrarily 
determine  its  value  and  impose  it  on  the  model.  Qi  the  other  hand,  the 
idea  ttet  most  of  the  petroleun  refineries  are  going  to  reconstructed  all 
at  once,  causing  tremendous  GNP  growth  in  one  yea“ ,  is  wildly  unrealistic. 
This  is  especially  true  since  energy-intensive  projects  such  as  petroleum 
refinery  construction  will  have  to  be  carried  out  during  a  period  of 
serious  petroleun  shortages.  As  the  report  itself  states,  "the  recovery 
models  ignore  many  institutional  factors  that  could  make  it  impossible  to 
achieve  the  recova*y  rates  projected"  [83  Moreover,  "the  recova-y  mod^ 
...  is  not  capable  of  treating  effects  of  transportation  bottlenecks"  [93, 
which  we  have  argued  will  be  crucial  during  petroleun  shortages. 

If,  as  SRI  says,  their  results  are  "upper  limits  on  potential 
recovery,"  then  it  may  be  reasonable  to  expect  that  an  actual  250  megaton 
attack  on  petroleum  refineries  could  collapse  the  economy.  C2.ven  the 
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devastating  nature  of  the  250  megaton  attack  on  refineries,  it  might  be 
expected  ttet  StI  would  exanine  larger  attacks  on  refineries  or  the  entire 
energy  sector,  up  to  1250  megatons,  as  they  do  with  their  general  attacks 
on  the  whole  U.S.  economy.  If  they  did  make  such  an  examination,  they  do 
not  reveal  the  results  in  this  report  (although  they  do  Indicate  in  an 
appendix  that  while  250  weapons  would  reduce  refining  to  10%  of  its  pre¬ 
attack  levd.,  500  weapons  would  reduce  it  to  only  1%  of  its  pre-attack 
level).  Finally,  since  a  much  smaller  weapon  than  one  megaton  is 
sufficient  to  destroy  a  reflna-y,  it  may  be  that  a  much  smaller  attack 
than  250  megatons  could  have  the  same  devastating  effect  [10]. 

Ihe  SRI  economic  recovery  modd.  diows  the  dangers  of  1)  designing  a 
raodd.  with  a  certain  result  in  mind,  2)  using  static,  linear,  growth  modd.s 
to  examine  the  U.S.  economy  after  i  nuclear  attack,  3)  using  biased  and 
unrealistic  assumptions,  and  4)  failure  to  test  input  parameters  over  a 
wide  range  of  values. 

A  More  Realistic  /^proach 

Vfe  have  studied  a  computer  modd.  of  the  U.S.  economy  that  was 
designed  to  minimize  or  avoid  all  of  these  dangers.  Produced  mder 
contract  to  the  Federal  Emergency  Management  Agency,  FEMA,  this  simulation 
model  was  created  specifically  for  the  purpose  of  analyzing  the  post- 
attack  economy  and  predicting  the  effects  of  diffa*ent  types  of  perturbing 
attacks  against  the  United  States.  We  refer  to  it  as  the  "FEMA  model." 
The  technique  it  employs,  called  System  Dynamics,  is  inta'active,  dynamic, 
and  flexible.  These  qualities  are  essential  to  accurately  model  the 
response  of  a  complex  system  to  various  pa'turbations  without  historical 
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precedence  that  throw  the  system  severd.y  out  of  ec^iilibriun.  A  computer 
model  designed  to  simulate  a  system  as  ccmplesc  as  the  U.S.  economy  must 
incorporate  thousands  of  simultaneously  interacting  variables,  each  one 
pgp«Qsenting  seme  aspect  of  the  flow  of  roatQ"ials  and  information  among 
the  various  producers  and  consuners  that  make  vp  the  national  economy. 
Tbs  problan  of  simulating  the  economy  is  particularly  difficult  in  this 
case,  since  non-equilibriun  aid  atypical  conditions  would  arise  in  the 
aftermath  of  a  nuclei  attack.  These  circumstances  argue  against  using 
simulation  techniques  such  as  econometrics  and  input-output  analysis  (such 
as  the  SlI  economic  recovery  model),  which  tend  to  assume  the  economy  is 
in  equilibrium  and  use  historical  experience  as  necessary  inputs. 

Aware  of  the  limitations  of  computer  simulation  modd.s,  we  have 
sitojected  the  FEMA  model  to  extensive  testing  that  we  describe  below.  We 
find  that  the  aiswers  the  model  gives  to  several  ’’What  if?”  questions  are 
often  sensitively  dependent  on  the  value  of  some  exogeneous  (or  extrinsic) 
variable.  By  using  the  entire  range  of  such  variables  in  oir  sensitivity 
tests,  we  have  attempted  to  bring  forth  the  full  range  of  possible  answers 
the  model  provides  for  each  question.  Tha'efore,  we  do  not  regard  any  one 
scenario  or  set  of  parameters  as  the  right  answer.  The  modd.  is  not  an 
oracle  from  which  we  can  expect  the  right  answer,  but  ratha"  it  is  a  tool 
with  which  we  can  ask  complex  questions  about  a  very  complex  system  (the 
U.S.  economy)  variably  perturbed  by  sizable,  near-instantaneous  events 
(nuclear  attacks). 

]h  the  remainder  of  this  chapter,  we  present  the  important 
characta'istics,  and  shortcomings,  of  the  System  Dynamics  approach  and 
discuss  why  it  is  appropriate  for  modding  the  post-attack  economy. 
Following  a  description  of  the  modd,  its  structure,  and  the  way  it  can 
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represent  a  nuclear  attack  is  an  explanation  of  how  we  interpret  the 
results  it  produces. 


THE  TECHNIQUE;  SYSTEM  DYNAMICS 

Systan  Dynamics  is  a  modd.ing  discipline  supported  by  computer 
software  designed  to  manage  complec,  interdependent  variables.  This 
technique  leads  to  an  explicit  representation  of  the  dynanics  of  change, 

since  each  variable  is  updated  whenever  any  of  its  determinants  change. 

The  behavior  of  a  system  of  variables  as  depicted  by  a  System  Dynamics 
model  depends  on  the  interaction  among  all  the  elements  of  the  system,  in 
our  case  the  variables  that  comprise  economic  sectors;  as  noted  earlier,  it 
is  this  interaction  that  constitutes  economic  activity.  These  interactions, 
in  turn,  are  influenced  by  extQ"nal  conditions  (such  as  the  attack  itsd.f), 
and  by  factors  such  as  the  avail^ility  of  imports,  and  the  policy  response 
to  the  disaster  (such  as  investment  policies  favoring  reconstruction  of 
transportation  and  energy  facilities).  The  nature  of  each  interaction 

changes  as  conditions  change,  and  a  change  in  one  variable  (number  of 

people)  could  change  a  second  variable  (amount  of  health  care  available  per 
capita)  that  would  in  turn  change  the  first  variable  (number  of  people) 
again.  This  is  the  mechanism,  known  as  feedback,  that  is  responsible  for 
the  dynamic  behavior  of  System  Dynamics  models  [11]. 

Especially  relevant  to  the  problem  of  representing  the  post-attack 
economy  is  the  flexibility  of  System  Dynamics.  Because  this  technique  cai 
represent  non-linearities,  variables  can  remain  realistic  over  a  large 
range  of  possible  values.  Another  advantage  of  this  technique  is  that 
inherent  in  the  modd.  structure  are  the  critical  feedbacks  that  actually 


exist  in  the  economic  structure  that  it  represents.  testing  the  mod^, 
tte  user  gains  a  deeper  understandir^  of  the  structural  constraints  of  the 
system  aid  learns  about  features  that  are  responsible  for  its  behavior. 
For  exanple,  exploring  the  consequences  of  very  low  availabilty  of  fuds  in 
the  FiMA  raod^  leads  to  ai  mderstanding  of  the  minimun  "aiergy 
threshold."  which  results  because  fu^  is  required  to  extract  firther 
sources  of  energy.  fecause  of  its  realistic  depiction  of  causal 
relationships,  the  System  Dynamics  model  does  not  require  simplifying 
assumptions  su2h  as  linearity  of  effects  and  eQjilibriura  of  markets,  in 
many  other  econonic  modeling  techniques,  c->r.?nd  and  supply  are  calculated 
according  to  the  principle  that  the  two  must  balance.  Assuned  e<»iilii>rium 
is  not  a  constraint  in  System  Dynamics  models,  since  excesses  of  demand 
and  sipply  are  permitted,  and  are  manifested  as  pressure  to  increase  or 
decrease  production  respectivdy.  Rdationships  represented  in  the  model 
correspond  to  both  real  and  perceived  flows  of  resoirces,  capital  and 
information,  and  include  such  re^istic  featu*es  as  saturations,  limiting 
factors,  and  mvlUpilicative  effects.  The  time  evolution  of  any  variable 
can  be  plotted,  anl  it  is  easy  to  reformulate  any  relationship  to  test  the 

impact  of  different  assumptions  and  policies. 

The  tecVniques  of  System  Dynamics  integrate  into  one  ft-amework  a 
representation  of  the  economy  by  sectors,  which  bears  similarities  to 
alternative  methods  such  as  econcmetrlcs,  together  with  several  featires 
that  derive  from  other  fields:  information  feedback  control  theory, 
knowledge  of  hvxnan  decision-making  processes,  and  statistical  techniques 
for  defining  aid  testing  complex  system  models  mder  conditions  of 
inccmpilete  and  inaccurate  data,  its  capacity  to  handle  "softT  or  difflcult- 
to-quantify  effects  in  a  dynamic,  complex  ft-amework  allows  ^stem  I^namics 
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to  represent  extreme  conditions  more  reslistlcslly.  Qi  the  other  hsndj 
because  such  a  model  is  designed  to  operate  even  when  variables  take 
extreme  values  well  outside  the  range  of  historical  experience,  it  can 
produce  results  frcm  inputs  that  are  unrealistic:  for  example,  if 

parameters  were  altered  to  allow  people  to  exist  without  food,  the  modd. 
could  produce  resdts  that  reflect  the  unlikdy  assumption  that  no-one 
would  starve  without  food.  Thus,  for  every  case,  the  modd  user  must  be 
careful  to  choose  redistic  parameters  that  conform  to  common  sense  and 
that  are  backed  by  expert  opinion  and  hlstorlcd  data,  if  avail^le.  We 
have  made  the  conservative  assumption  of  the  most  optimistic  conditions 
whenever  expert  opinion  and  hlstoricd  data  appeared  ambiguous  or 

insufficient.  As  with  any  computer  modd,  if  incorrect  vdues  are  sd acted 
as  inputs,  then  the  resdts  will  not  be  meaningful,  according  to  the 

computer-moddii«  principle  of  "Garbage  In  ~  Garbage  CXA." 

The  technique  we  used  to  guard  against  this  problem  involved  repeated 
testir«.  For  each  of  the  Influentid  parameters  we  tested,  the  model's 
results  were  andyzed  over  a  wide  range  of  vdues  that  the  parameter  could 
assume.  If  smdl  changes  in  an  input  parameter  created  wild  swings  in  the 
outputed  variables  of  interest,  then  closer  scrutiny  of  the  uiderlying 
assumptions  was  indicated,  and  undertaken. 

It  was  important  that  the  range  of  parameters  we  chose  for  the 

model's  tests  of  attack  scenarios  contained  none  of  these  sharp  effects; 
dthoigh  such  non-linearities  probably  do  exist  in  the  economy,  we  cannot 
know  exactly  where  they  lie.  By  choosing  the  least  drastic,  most 
conservative  dternative  to  such  effects,  we  ensu-ed  that  ou*  results  do 
not  rdy  on  such  very  strong,  but  dubious,  factors;  this  in  turn  increased 
our  confideice  in  the  modd's  robustness.  For  every  scenario  we  tested,  a 
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raige  of  va-iables  *as  used.  The  of  using  a  range  instead  of  a 

single  value  provides  a  futher  oheck:  if  the  results  are  ftirly  similar 
ova-  the  entire  range  of  variables,  it  is  less  likely  that  the  model- s 
results  a-e  causal  by  sane  accidental  effect  or  an  overlooked  non- 
linea-lty.  ihder  suih  conditions  of  conservaUve.  nonextrane  assuaptlons, 
if  the  model's  behavior  inlicatel  that  the  attack  scenario  we  wa-e  testing 
would  cause  the  economy  to  collafse,  we  could  be  <»ilte  certain  that 
reintrcducli*  the  many  pessimistic  (and,  we  believe,  more  realistic) 
assunptions  we  had  emitted  would  only  worsen  the  plctire.  B  is  also 
important  to  point  out  that  we  have  onltted  maiy  otha-  factors  that  would 
affect  the  post-attack  economy  adversely,  such  as  the  contamination  by 
radioactive  fallout,  ecological  ami  climatolcgical  effects  such  as  oaone 
depleuon  avi  nuclear  winter,  and  the  transformaUon  of  donestic  akl 
international  politics.  It  seems  prAable  that  sudi  factors  would  make 
sirvival  after  a  nuclea-  attack  even  more  difficult  than  ou-  conservative 
estimates  imiicate,  but  since  we  have  no  dependable  and  quantifiable  way  to 
introduce  these  effects  into  the  FEMA  mcdel,  we  chose  to  leave  them  out, 

aware  of  their  exacerbating  effects. 

system  Bynamics  models  such  as  the  FEMA  model  can  represent  the 

econony  by  sectors.  Each  sector  requires  inputs,  which  are  the  products  of 
otter  sectors,  and  itself  produies  goods  and  services  used  by  otter 
sectors.  Economic  activity  is  the  flow  of  these  input  and  outputs.  It  is 
important  to  represent  tte  economy  by  this  structire  in  a,  aialysis  of  the 
effects  of  a  nuclea-  attaok  for  two  reasons:  first,  because  diffa-tet 
sectors  may  suffer  different  degrees  of  damage  in  an  attacks  and  second, 
because  industrial  products  are  not  interchangeable.  Si  order  to 

dlstlnguiai  between  steel  awl  grain,  or  machine  parts  and  toys,  a  model 


must  represent  each  type  of  commodity  separately.  The  most  detailed 
modd.s  divide  the  econany  into  hundreds  of  sectors.  This  level  of  detail 
is  probably  not  justified  in  post-attack  models  because  of  the  many 
uncertainties  involved  and  because  sane  products  can  be  substituted  for. 
For  example,  since  steel  and  aluminun  can  often  replace  each  other,  a 
metals-producir«  sector  might  suffice  to  represent  both.  But  steel  and 
aluninun  are  only  partially  interchangeable:  aircraft  cannot  easily  be  made 
of  steel,  nor  can  locomotive  shafts  easily  be  made  of  aluminum.  This 
implies  that  aggregating  metals,  which  results  in  the  loss  of  distinction 
between  different  types  of  materials,  would  lead  to  an  overestimation  of 
the  availstoility  of  some  crucial  metals.  This  point  is  especially 
important  in  the  case  in  which  all  steel  production  is  lost  but  aluminum 
production  capacity  is  left  intact  (or  vice  versa).  In  the  model,  the 
general  metals  production  would  fall,  and  all  sectors  would  receive  some 
part  of  their  usual  metals  dd-ivery,  whether  aluninun  or  steel.  Thus  the 
sector  aggr^ation  provides  a  less  extreme,  more  optimistic  representation 
of  uibalanced  attacks  directed  at  specific  sectors.  Si  order  to  represent 
each  sector  separately,  the  modd.  would  have  to  be  many  times  more 
complicated.  Our  solution  to  this  problem  is  instead  to  treat  the 
automatic  aggregation  of  sector  components  as  an  error  on  the  side  of 
optimism,  another  conservative  condition,  since  the  effects  of  an 
unbalanced  attack  would  always^  underestimated  by  ou*  aggregated  model. 
Vfe  made  a  correction  for  this  only  in  the  ena'gy  sector,  to  reflect  the 
unique  role  of  liquid  fud-s  in  transportation.  Our  modifications  are 
explained  in  the  section  describing  the  modd  structure. 

Modelir^  techniques  designed  to  operate  in  the  relativdy  narrow, 
normd  range  of  historicd  data,  can  lead  to  misleading  results  given 
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extreme  inputs,  uncertain  desired  production  rates,  large  fluctuations  in 
prices  and  avail  abilities^  negative  growth  rates,  or  suddai  changes.  Yet  a 
model  of  the  post-attack  economy  must  operate  outside  the  range  of 
historical  data,  in  conditions  that  do  not  correspond  to  those  from  which 
the  original  data  were  derived.  We  were  therefore  forced  to  use  an 
approach  that  is  not  primarily  based  on  historical  data.  Ihe  System 
Dynamics  teclnique  provided  such  an  approach.  While  historical  data  may 
also  be  employed  in  estimating  parameters  and  functions  in  a  System 
Dymanics  mod^,  the  primary  source  of  information  is  the  opinion  of  experts 
in  specific  areas.  ]h  constructing  a  System  Dynamics  model,  researchers 
might  interview  factory  managers  and  shop  foremen  as  well  as  economists 
and  industry  consultants,  to  find  out  how  they  make  decisions  regarding 
such  variables  as  allocation  of  resources  and  rates  of  production.  The 
researcher  studies  the  list  of  factors  that  actually  influence  the  decision 
rules  of  economic  agents,  instead  of  investigating  which  factors  can  be 
mathematically  corrd.ated  with  others.  The  variables  whose  behavior  they 
have  studied  might  include  inventories,  order  backlogs,  dd.ivery  delays, 
perceived  prices,  expected  prices,  expectations  of  the  market’s  stability, 
and  desired  production  rates.  Because  decision-making,  rather  than  its 
usual  aggregate  results,  is  the  focus,  this  technique  is  probably  better 
suited  to  represent  the  b^vior  of  agents  in  the  economy  under  ixiusual 
conditions  of  low  availability  of  some  factors  and  adequate  supplies  of 
others,  of  extreme  price  fluctuations  and  of  vncertain  desired  production 
rates.  While  the  modd  is  running,  these  parameters  are  readjusted  every 
solution  Interval  (usually  several  htndred  times  in  one  run)  through 
changes  in  their  determinants  [12). 
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THE  MODEL 

Systen  Dynamics  views  an  industrial,  social,  or  econcmic  system  as 
c<i»posed  of  tlree  primary  components:  "states?'  of  the  system,  rates  of 
har«e  of  these  states,  and  information  networks.  State  variables  describe 
^  condition  of  the  system  and  the  accunulations  of  system  resources. 
for  exanplie,  state  variables  could  include  material  inventories,  l^r 
pools,  monfey.  a^id  capital  ecjjipment.  aher  variables  representing  states 
Include  qualitative  attributes  of  systan  resources,  such  as  the 
perceptions,  attitudes,  skills,  morale,  and  health  of  a  labor  force.  The 
imei.  of  public  confidence  in  the  official  leadership  is  anotha-  example  of 
a  system  kate.  States  are  affected  by  rates  of  change,  which  represent 
the  nows  in  the  system  such  as  receipt  and  payment  of  money,  the 
acquisition  and  disposal  of  capital  e<»iipma:t,  changes  in  perceptions,  or 
asqulsltion  of  skills.  (Va-  each  incranait^  time  pa-iod,  these  Hows  act 
to  ctenge  tbs  system  states.  The  third  componait  of  a  system  is  its 
InfomatiDn  network,  representing  data  flow,  perceptions,  judgments,  and 
decisions.  Through  this  complex  network,  information  describing  past  and 
curait  states  of  the  system  is  used  by  decision-makers  such  as  consumers, 
corporate  executives,  and  government  officials  to  formulate  their  reaction 
;  to  the^hanging  of  one  or  more  system  states,  tesed  on  this  information, 
i  the  decision-makers  take  actions  that  tend  to  change  the  rates  of  change 
of  the  system  and,  consequently,  the  future  states.  For  example, 
corporate  executives  collect  information  on  the  sipply-demand  balance,  the 
trends  in  the  market,  and  the  financial  condition  of  their  ccmpany  and  then 
^  Bake  Investment  decisions.  Investments  create  a  flow  of  new  capital 
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equipment,  which  affects  the  sipply-demand  balance,  the  cash  flow  of  the 
company,  the  perceived  risk,  and  other  factors  that  determine  future 
investment  decisions.  Riblic  sector  officials  also  tend  to  respond  in  this 
manner  to  information  describing  economic  and  social  conditions. 

The  FEMA  mod^  was  developed  using  these  rdationdups,  quantified  in 
equations  which  express  analytically  the  decisions  that  generate  the 
system's  rates  of  change.  The  quantification  includes  explicit 
representation  of  the  d^ays  involved  in  collecting  data,  making  decisions, 
lid  initiating  action.  The  equations  were  incorporated  into  a  model  which 
was  implemented  on  a  ccmputer  and  used  to  simulate  and  forecast  the 
behavior  of  the  system.  Using  the  model  to  develop  a  "baselin^'  simulation 
provided  a  benchmark  against  which  the  impact  of  alternate  policies, 
priorities,  or  attack  scenarios  were  tested.  These  alternative  scenarios 
were  also  used  for  sensitivity  testing,  to  exanine  the  consequences  of 
changes  in  parameters  or  structural  assumptions  when  there  was  uncertainty 
about  their  true  value. 

To  check  the  model's  behavior  and  consistency,  when  possible  its 
paraneters  were  derived  frcm  actual  time-series  data  of  the  U.S.  economy 
over  the  past  two  decades.  The  behavior  of  the  model  over  that  time  is 
consistent  with  the  historical  record.  Because,  however,  tha'e  is  such 
great  mcertainty  surrounding  aiy  nuclear  attack  scena"io,  no  attempt  was 
made  to  forecast  the  precise  variations  in  the  peacetime  business  cycle,  or 
to  design  the  model  for  traditional  economic  forecasting.  Thends  rather 
than  exact  values  of  the  variables  at  specific  times  were  our  goal. 
Nevertheless,  mod  el -predicted  patterns  of  GNP  growth,  overall  and  by 
sector,  matched  the  real  data  rather  well.  Some  of  these  graphs  are 
reproduced  here  for  comparison. 


GNP,  TrUlions  of 1965  Constant  Dollars 


Graphs  of  simulated  versus  historical  values  for  labor  and  production 
in  several  representative  sectors. 
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From  Development  of  a  Dynamic  Model  to  Evaluate  Economic  Recovery 
Following  a  Nuclear  Attack,  Pugh-Roberts  Assoc.,  Inc. 
(Cambridge,  MA.  1980) 
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Extensive  testing  provided  a  further  check  of  the  modd..  The  time- 
devd-oproent  of  key  variables  demonstrated  which  components  of  the  economy 
would  be  vulnerable  to  a  strategic  nuclear  attack;  tracing  through  the 
model’s  output  proved  helpful  in  understanding  the  causal  links  inherent  in 
the  national  economic  structure.  These  links,  such  as  the  relationships 
between  industrial  sectors,  are  firm  features  of  the  structure  of  the  U.S. 
economy.  VUlna^ability  of  the  economy  to  their  destruction  cannot  be 
reduced  without  fundamental,  long-term  changes  in  the  national  economy. 
Our  almost  total  rdiance  on  petroleum  fuels  for  transportation  is 
somethir^  that  would  take  many  years  to  alter,  even  in  the  most  optimistic 
peacetime  scenarios.  Many  studies,  such  as  the  Office  of  Technology 
Assessment's  study,  U.S.  vulnerability  to  an  dl  Import  Qjrtailment  [13]| 
support  this  fact. 

Despite  the  complecity  and  robustness  of  the  modd.,  its  usefulness  lies 
not  so  much  in  the  quantitative  nature  of  its  predictive  capacity  and  its 
results,  but  rather  in  its  value  as  a  tool  for  analyzing  vulnerabilities  of 
critical  economic  variables.  Results  of  the  model’s  simulations  can  reveal 
only  probable  outcomes,  which  must  be  interpreted  only  in  the  context  of 
the  initial  values  of  the  variables  such  as  physical  damage,  psychological 
responses,  governmental  policies,  and  international  trading  we  chose  to 
represent  the  conditions  generated  by  various  types  of  attacks. 

Model  Structure 

The  large  system  of  hundreds  of  nonlinear,  recursive,  time-difference 
equations  that  constitute  the  FEMA  mod^  represents  the  U.S.  economy  in 
fourteen  sectors.  Eleven  producing  sectors  correspond  to  diffo'ent 
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categories  of  industry;  the  mod^  also  Includes  an  import  sector,  a 
population,  sector  and  a  government  sector.  Each  sector  contains  a 
detailed  representation  of  production,  planning,  capacity  expansion, 
inventory  control,  distribution  of  output,  finances,  supply  constraints, 
employment,  pricing,  and  wage  setting.  The  interconnected  structure  of  the 
sectors  is  represented  in  the  input-output  structure  of  the  raodd.,  with 
coefficients  dynamically  updated  by  changing  technology,  input  Portages, 
financial  constraints,  policy  inputs,  and  the  adjustment  of  stocks.  The 
variables  that  represent  psychological  responses  of  corporate  planners, 
consumers,  and  the  labor  force  are  important  components  of  the  equations 
that  repesent  the  U.S.  economy. 

The  fourteen  sectors  fall  into  three  areas:  production,  product 
transfer,  and  consumption, 

froduction  Product  Thansfer 

(imports)  Services 

Agriculture  Government 

Capital  Goods  Thansportation 

Construction  Medical/Bmergency 

Consumer  Goods 
QiQ*gy  Products 
Metallic  Durable  Materials 
!fon-Metallic  Durable  Materials 
Nbn-FueL  Consumable  Materials 

Ip  to  23  industries  comprise  each  component  sector.  Tbgether,  these 
sectors  account  for  the  80  or  so  national  industries  (classified  by  the 
Survey  of  Current  Business  sector  designation)  [14]. 


Consumption 

Government 

Population 
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Each  of  the  modd.’s  foirteen  sectors  is  aggregated.  For  example,  the 
Metallic  Dir  able  Materials  sector  includes  the  following  industries;  iron 
and  ferrro-alloy  ores  mining;  nonferrous  metal  ores  mining;  primary  iron 
and  steel  manufacturing;  primary  nonferrous  metal  manufacturing;  and 
scrap,  used,  and  secondhand  goods.  These  industries  are  all  related,  and 
require  similar  materials,  services,  and  expertise.  Their  aggregation  is 
necessary  to  simplify  and  speed  the  calculating  requirements.  Dy 
necessity,  such  aggregation  obscures  the  ’’fine  structure?’  of  economic 
activi'-.v  has  limited  oir  ability  to  formulate  hypothetical 

bottleneckir^  attacks  that  would  target  only  one  industrial  sector,  such  as 
non-ferrous  metals  production.  As  discussed  earlier,  such  aggregation, 
althoigh  a  simplification,  tends  to  ovQ"estimate  the  economy’s  ability  to 
recover  fhom  an  inbalanced  nuclear  attack. 

Modifications 

]h  the  energy  products  sector  in  particular,  this  aggregation  combines 
several  quite  diverse  elements  of  the  economy,  some  of  which  are  much  more 
critical  than  others  for  post-nuclear-attack  recovery  and  some  much  more 
vulnerable  to  nuclear  attack  than  others.  The  representation  of  energy 
products  ~  which  combines  electric,  gas,  water  and  sanitation  services, 
crude  petrol eim  and  natural  gas  extraction,  petrol eun  refining  and  r^ated 
industries,  and  coal  mining  —  can  result  in  an  underestimation  of  the 
Impact  on  the  economy  of  reducing  the  availability  of  petroleun  (or, 
equivalently,  of  liquid  fuels)  to  near  zero.  Vfe  therefore  modified  the 
model  to  correct  this  ^ortcoming,  since  we  wanted  to  study  in  detail  the 
effects  on  the  U.S.  economy  of  the  collapse  of  the  liquid  fud.s  supply. 


In  an  attack  scaiario  In  which  petroleun  reflning,  pipeline  punpe  and 
ncdes,  ports,  terminals,  and  reserves  sre  targeted  but  other  oonponents  of 
the  aggr^ated  aia-gy  sector  are  almost  cotpletely  undanaged,  the  final 
drop  in  o^put  capacity  of  the  attire  energy  sector  would  be  only  30 », 
sine,  jetroleui,  accouits  for  30*  of  the  sector’s  total  output.  The  model, 
as  it  stood  previously,  would  have  reduced  the  aiergy  avaUable  to  the  rest 
of  the  economy  by  30J  in  at  utdifferattiated  maina-j  it  also  would  teve 
reduced  tte  avallaiility  of  eiattrio  and  sanitation  services  by  30*.  This 
did  not  realistically  reflect  the  importance  of  petrolevni  to  national 
econanio  activity.  Such  at  absence  of  discrimination  would  critically 
affect  predictions  of  the  perforaatce  of  the  transportation  sector.  It  the 
econony  today,  transportation  la  almost  completely  depemiatt  on  petroleun, 
to  the  extent  that  any  drop  in  petroletm,  input  results  in  a  ccntmatsirate 
reduction  in  transportation  avaUabUity.  Followlt®  at  attack  gainst  all 
petroleun  production  aid  sigtply,  the  means  of  traisportation  _  oars, 
trucks,  trains,  shipe,  barges,  and  airplaies  _  would  suffa-  a 
shortfall  in  retgilred  ®agy  input,  aher  indmtrles  that  are  not  primary 
oonsumas  of  petroleun  would  appear  less  dependent  on  this  fuel.  Since, 
howeva,  evay  Industry  is  dependat  on  trasportaUon,  production  in  evay 
Industry  would  dwindle  without  the  means  to  traisport  mataials,  work 
force,  products,  and  non-petroleun  aagy.  It  was  essential  then  for  oir 
analysis  to  disaggregate  the  liquid  fuel  ounponat  of  the  aetgy  sator  in 
our  simulation  program. 

Oir  changes  to  the  model  reflected  the  ^availability  of  liquid  fuels 
throMgh  a  proportional  "disconnecting  of  transportation  capital.  Without 
liOiid  fuel  Imports,  transportation  capital  is  "disconnected"  ttom  the  rest 
of  the  econony,  and  so  is  operationally  us^ess  althoi«h  it  physically 
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still  exists  largd.y  intact.  The  transportation  capital  can  be 
"reconnected"  —  that  is,  brought  into  use  again  —  by  directing, 
immediately  after  the  attack,  resoirces  for  refinery  reconstruction, 
alta'native  fuel  development,  or  to  alternative  transportation  capital 
manufacturing.  Developing  these  three  options  would  recjjire  similar 
expertise,  materials,  and  manpower;  consequently,  the  resources  required 
for  each  of  these  three  developments  to  produce  a  given  amount  of 
transportation  equipment  are  similar.  Thus  for  a  given  amount  of  resource 
investment,  which  of  these  three  options  is  chosen  does  not  affect 
drastically  the  rate  at  which  transportation  capital  is  reconnected,  since 
roughly  the  same  amomt  of  transportation  capital  would  be  returned  to  use 
by  any  choice.  In  our  modificaticm  to  the  model,  a  single  variable 
represents  the  aggregation  of  refinery  reconstruction,  alternative  fuel 
development,  and  alternative  transportation  capital  manufactiring  in  order 
to  simplify  the  calculation.  In  addition,  we  assume  in  the  analysis  that 
follows  that  the  most  efficient  paths  are  chosen  and  that  none  of  the 
resources  are  wasted.  The  most  important  of  our  optimistic  biases  here, 
however,  concerns  investment  in  new  energy  and  transportation  facilities: 
following  an  attack  on  transportation  fuel  facilities,  we  assume  that  any 
extra  effort  to  develop  the  capital  facilities  or  equipment  needed  to 
reintegrate  transportation  equipment  (almost  all  of  which  had  been 
rendered  unusable  by  the  loss  of  liquid  fud.s)  is  made  at  no  cost  to  the 
economy.  In  other  words,  the  extra  investment  required  to  increase  the 
availability  of  transportation  does  not  divert  investment  from  any  other 
sector  —  clearly  an  extremdLy  optimistic  assumption.  As  in  the  real 
economy,  the  levd.  of  investment  is  linked  to  economic  preformance  (a  given 
fraction  of  total  available  investment  is  allocated  to  transportation; 
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thus,  more  investment  is  allowed  if  QIP  is  high).  Since  we  could  not 
modify  the  entire  modd.  to  reflect  intensive  investment  policies  more 
accurately,  we  chose  to  make  this  very  optimisitic  representation  of  cost- 
fhee  investment.  In  reality,  such  a  policy  would  of  course  exact  high 
economic  costs,  which  in  turn  would  reduce  the  rate  of  increase  in  the 
production  capacity  of  other  capital-intensive  sectors. 

Our  second  modification  to  the  original  FEMA  modd  disaggregated  the 
imports  and  exports.  Orginally,  all  imports  and  exports  were  represented 
by  a  single  variable  in  the  FEMA  model,  called  their  "availability.”  Vfe 
replaced  this  variable  in  the  raodd  with  sector-specific  avail  unities. 
The  destruction  of  all  ports,  petroleum  terminals  and  pipeline  nodes  would 
immediatdy  reduce  the  levd  of  energy  imports  to  near  zero,  but  would 
possibly  allow  imports  of  other  goods  that  do  not  require  such  specialised 
transportation  and  storage  systems,  in  the  months  following  an  attack 
directed  at  aiergy  and  energy-imports  facilities,  the  availability  of  fuel 
supplies,  personnd  and  expertise  would  be  reduced  to  near  zero,  since  the 
ports  are  destroyed,  as  are  many  nodes  of  the  transportation  network. 
Althoigh  ports  could  be  reconstructed  or  alta-native  techniques  for 
importing  materials  could  be  devdoped,  this  would  take  many  months,  and 
the  volume  of  imports  that  could  be  handled  would  be  severdy  restricted. 

Our  new  formulation  for  import  avail^ility  gave  us  the  ability  to 
restrict  imports  to  a  given  fraction  of  their  pre-attack  volume.  This 
fraction  we  specified  together  with  other  parameters  for  each  modd  run; 
and  the  entire  mechanism  for  restricting  imports  was  only  used  for 
scenarios  in  vihich  imports  would  be  physically  restricted.  Ii  all  cases, 
we  assume  that  there  is  an  increasing  levd  of  imports  in  each  year  after 
the  attack  and  that  imports  would  no  longer  be  limited  either  5  or  10 
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years  after  the  attack.  Although  this  increase  in  import  levd.s  would  in 
fact  require  significant  investment  to  rebuild  ports,  the  model  d.lows 
imports  to  grow  vd.thout  the  diversion  of  any  investment  capital. 

Psychological  Effects 

oir  testify  of  the  modd.  we  found  that  the  psychological  effects 
variables  in  the  program  had  unexpectedly  strong  influence  on  the  outcome 
of  various  attack  sceneria.  The  psychological  effects  sector  of  the  modd. 
attempts  to  represent  those  changing  attitudes  and  sentimaits  among  the 
population  that  would  have  a  significant  effect  on  the  population’s 
economic  behavior.  As  we  have  described  earlier  in  this  chapter,  we  often 
chose  to  omit  the  effects  of  psychological  influences  on  economic  behavior , 
since  they  are  so  difficult  to  predict  and  quantify.  For  ecample,  we  did 
not  assume  adverse  psychological  effects  in  the  bas^ine  case,  b\it  we 
consido*  this  omission  to  be  perhaps  the  most  optimistic  assunption  in  the 
whole  study. 

Vfe  describe  here  how  the  psychological  effects  sector  r^ates  the 
principal  measvre  of  the  psychological  state  of  the  population  to  the 
behavior  of  the  economy  as  depicted  by  the  FEMA  model  to  show  the 
mechanisms  by  which  this  factor  influences  the  behavior  of  the  economy 
after  an^attack.  The  three  main  components  of  the  psychological  effects 
sector  are  the  levd.  of  confidence  among  the  general  public,  the  degree  of 
fY*ustration  of  the  public,  and  the  responsiveness  of  the  government 
bureaucracy  in  executing  official  policies;  each  of  these  factors  depends  in 
turn  to  the  performance  of  the  economy,  the  activities  of  government 
officials,  and  the  trauna  of  a  nuclear  attack.  [15] 
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Public  Confidence 

The  most  importart  psyoholcgioal  factor  in  the  model  (and  the  only 
one  we  will  discuss  in  detail)  is  the  level  of  pU>llc  confidence.  Tt 
measures  the  degree  to  which  people  believe  ttot  their  productive  effort 
awl  investmmt  of  assets  will  produce  future  benefits  of  commensurate 
value.  Three  importait  econcraic  variables  are  affected  by  the  level  of 
pUilic  confidence:  labor  productivity,  the  level  of  participation  in  the 
workforce,  atd  consunption  (which  directly  influences  savings). 

The  productivity  of  the  IPbor  force  is  influenced  by  the  morale  or 
confidence  of  tte  workforce  -  for  example,  high  morale  gaierates  higher 
producUvlty  da-ing  wartime,  ff  public  confidarce  declined  to  va-y  low 
levels,  seme  people  would  b«in  to  withdraw  from  organized  productive 
activiUes  and  aigage  in  efforts  to  assure  diort-term  survival,  such  as 
scavengirg  ard  lootirg,  which  would  contribute  litUe  to  the  gross  national 
product,  or  CMP.  That  is,  the  larger  the  attack,  the  more  likely  it  is 
that  people  will  choose  to  flee  the  cities  and  Industrial  centers  ratha- 

than  try  to  r^uild  them. 

The  rate  of  consunption  is  another  factor  influenced  by  public 
confidence,  people  were  satisfied  with  their  currait  standard  of  living 
aid  optimistic  about  tow  well  the  economic  system  is  f\*ictioning,  they 
would  be  willir«  to  consune  a  smaller  portion  of  their  income  in  order  to 
invest  for  additional  future  benefits.  0i  the  other  hand,  if  the  per  capita 
income  were  nea-  the  stoslstence  lev^,  or  if  the  perceived  lik^ihood  of 
receiving  future  benefits  fhom  investment  were  low,  individuals  would  tend 
to  consune  more  of  their  income  and  save  less  of  it.  As  the  next  section 
demonstrates,  investment  is  an  important  determinant  of  recovery. 
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There  ere  fotr  fundsmental  factors  which  could  combine  to  generate 
low  public  confidence;  GNP  per  capita,  perceived  adequacy  of  resources  for 
survival,  the  trauma  resulting  fhom  perceived  death  and  destruction  of  the 
nuclear  attack,  and  tte  qualities  of  the  leadership.  Public  confidence  is 
influenced  by  how  favor^ly  real  GNP  compares  to  the  traditional  value  of 
GNP  per  capita.  A  level  of  GNP  per  capita  that  was  high  compared  to  the 
traditional  levd.  would  buoy  publio  confidence,  and  a  low  levd.  would 
depress  public  confidence.  Regardless  of  the  absolute  level  of  GNP  per 
capita,  the  direction  and  n'  ignitude  of  change  in  GNP  —  its  rate  of  growth 
or  decline  —  affects  public  confidence  independently;  rising  (3IP  would 
boost  confidence,  and  declining  GNP  would  lower  confidence,  li  extreme 
cases  of  low  GNP  per  capita,  such  as  may  occir  in  the  post-attack 
environment,  people  may  not  be  dole  to  consune  enough  to  survive.  3h  this 
desperate  situation,  the  inadequacy  of  resources  for  survival,  in  addition 
to  increasing  the  population’s  death  rate,  would  sharply  lower  the  levd.  of 
public  confidence  of  the  survivors. 

The  final  fundamental  influence  on  public  confidence  is  the  lingering 
trauma  from  the  widespread  death  and  physical  destruction  that  would 
affect  the  survivors  of  a  nuclear  attack.  The  psychological  paralysis  that 
would  dodbtless  immediatd.y  follow  such  an  attack  would  reduce  peoples’ 
ability  to  perform  economic  tasks.  Confidence  would  remain  depressed  until 
people  recovered  from  the  shock  of  the  deaths  of  the  people  they  cared 
about  and  the  devastation  of  their  nation. 

While  the  above  factors  fundamentally  determine  public  confidence, 
charismatic  official  leaders  could  temporarily  boost  the  morale  of  the 
population.  Yet  if  the  nation’s  leaders  have  themselves  been  killed  in  the 
attack  —  or  if  nationwide  communication  has  been  destroyed  —  national 
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leader^p  will  have  little  effect.  In  large  enough  attacks,  such  as  the 
60/40  attack,  even  statewide  leadership  may  be  rendered  ineffective, 
causing  the  nation  to  fY'agment  further,  and  public  confidence  to  plummet. 

Representing  a  Nuclear  Attack 

When  the  FEMA  raodd.  is  used  to  analyze  the  economic  consequences  of 
specific  nuclear  attacks,  the  immediate  physical  effects  of  the  weapons  are 
one  of  the  inputs  to  the  model.  Such  factors  as  the  availability  of 
imports  and  the  quantity  of  investment  diverted  to  transportation  or  energy 
equipment  redevelopment  are  also  inputs  to  the  model.  Initial  or  boundary 
conditions  that  can  be  varied  to  implement  the  various  attack  scenarios  we 
have  explored.  The  physical  damage  to  each  of  the  fourteen  sectors  is 
represented  separately,  and  consists  of  three  components  for  each  sector: 
the  fV*action  of  capital  equipment  lost,  the  fV*action  of  buildir^s  lost,  and 
the  fV'action  of  inventories  lost.  Where  the  capital  equipment  and 
inventories  are  at  least  as  delicate  as  the  buildir^s  that  house  them,  such 
as  in  dectronics  manufacturing  or  petrol eun  refining,  we  made  the 
assumption  that  all  three  components  are  destroyed  in  the  same  proportion 
as  the  buildings.  For  industries  with  rdativdy  robust  equipment,  such  as 
primary  metds  production,  we  assumed  that  only  hdf  the  equipment  and 
inventory  inside  destroyed  buildings  is  destroyed.  As  we  have  demonstrated 
in  Chapta-  One,  use  of  the  5-psi  contoir  as  the  limit  of  buildir® 
destruction  —  which  we  have  followed  —  tends  to  mder estimate  the  extent 
of  damage.  So  ou*  assumptions  are  once  again  optimistic. 

Ihe  modd’s  inputs  also  Include  the  fV-action  of  people  killed  and 
ir\jwred  in  the  attack.  Other  components  of  immediate  damage  are  the 
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ft*action  of  motor  vehicles  and  liousehold  buildings  destroyed,  which  is 
usually  set  to  include  all  those  within  the  5-psi  contour. 

The  attack  scenario  also  determines  v^iether  or  not  Imports  are 
available  to  the  Uiited  States.  These  are  specified  by  sector,  and  their 
availability  after  a  nuclear  attack  could  depend  on  two  factors; 
lnta"national  political  relations  and  the  state  of  the  nation's  ports, 
airports,  train  lines,  and  highways.  B^en  within  very  favorable 
international  politick,  circunstances  (which  is  the  assumption  we  have  used 
in  all  scenarios),  it  would  become  very  difflctit  to  import  products  such 
as  petroleum  if  all  ports  were  destroyed,  the  pipeline  system  damaged,  and 
ms^jor  cities  —  which  serve  as  the  nodes  of  the  air  and  rail  networks  — 
devastated.  The  addition  of  a  few  extra  weapons  would  cripple  Canada  and 
Mexico  (and  both  nations  would  be  severd.y  affected  by  the  single  EMP 
burst  over  the  U.S.).  In  this  case,  immediatd.y  following  the  attack, 
neither  d.ec tricity  from  Canada  nor  oil  fhom  Mexico  would  be  available. 
Without  these  energy  sources,  which  the  U.S.  uses  extensivd.y  even  in 
peacetime,  the  nation  would  be  left  with  virtually  no  energy  supplies. 

It  may  be  possible  to  import  some  kinds  of  non-bulk  food  and 
industrial  products  by  means  of  airplanes  light  enough  to  land  on  highways 
or  local  airstrips,  since  airports  in  most  magor  cities  could  be  destroyed. 
Such  imports  might  also  be  brought  in  by  ships  that  can  be  unloaded  onto 
smaller  boats,  which  in  turn  may  be  able  to  discharge  cargo  at  shallow, 
non-port  coastal  areas.  Since  ports  wculd  be  prime  targets  in  such  a 
scenario,  however,  shipping  berths  would  be  destroyed,  and  the  surrounding 
land  could  very  well  be  irradiated,  making  it  very  difficult  to  r^idld 
ports  soon  after  the  attack.  In  addition,  worldwide  refined  petroleum 
availability  would  plummet  following  the  destruction  of  Mexican,  Canadian 
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aid  Ama-icai  reftna-ies.  H>  test  the  impact  of  imports  on  the  behavior  of 
a  post-atta:k  economy,  for  each  of  tv;  attacks,  «a  have  used  several 
soaiarios,  each  allowing  varying  asomts  of  imports.  Often,  the  results 
indicated  that  imports  would  prove  useless  because  the  attack  would  have 
crippled  the  internal  transportation  system,  and  therefore  imported 

material  could  not  be  transported  where  needed. 

]h  the  scenarios  we  tested,  the  nuclear  attack  is  immediately 
followed  by  the  reconstruction  effort.  The  form  of  the  attack  we 
postulate  takes  tte  most  optimistic  form:  there  is  no  more  fighting  after 
the  single,  swift  attack,  and  if  foreign  trade  is  ihysically  possible,  then 
goods  cai  be  imported  and  exported.  The  model  geierally  depicts  the 
behavior  of  the  economy  for  the  twenty  years  following  the  attack,  and  the 
dynamic  va-iables  are  readjusted  by  the  mod^  for  every  three-week  period 

during  that  time. 


Iiterpretation  of  Results 


The  model  produces  both  nunerical  and  graphical  results.  Q-aphical 
results  are  more  informative,  visibly  demonstrating  the  dynamic  behaviour 
of  key  variables.  The  modd  can  depict  the  behavior  in  time  of  any  one  of 
its  variables.  The  GNP  graph  is  tte  most  useful  summary  of  economic 
activity  and  provides  the  first  indication  of  whether  or  not  the  economy  is 
recovering.  Typical  GNP  graphs  may  be  foixid  in  the  next  chapter.  Elevai 
sets  of  graphs  give  a  detailed  picture  of  each  of  the  model’s  sectors.  For 
each  sector,  the  mod^  produces  plots  of  production,  demand,  capacity,  and 
pota.tial  p^a^..cnion  (as  determined  by  labor  availability),  togetho'  with  a 

describe  the  adequacy  of  important  factors  for  the 


set  of  variables  that 
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particular  sector,  such  as  energy  products,  transportation,  services,  and 
non-fuel  consunable  materials.  In  the  Appendix,  we  reproduce,  for  a  given 
attack  scenario,  a  representative  set  of  graphs  for  several  sectors  and 
discuss  the  signficance  of  each  of  the  model's  outputs. 

The  nunerical  value  of  any  variable  can  be  printed  out  at  any  time  in 
the  model's  rvu.  But  since  the  actual  value  of  any  of  these  components 
will  depend  on  a  multitude  of  factors,  each  of  which  is  siijject  to  a 
measure  of  unco-tainty,  acact  quantitative  results  are  in  fact  also 
necessarily  imprecise.  The  graphical  results  are  far  more  informative, 
since  it  is  the  trends  rather  than  the  absolute  levd.  of  economic  behavior 
that  are  more  reliable  and  instructive,  and  can  be  seen  best  in  their 
graphical  form. 

The  modd.'s  results  give  an  indication  of  the  response  to  a  nuclear 
attack  of  the  national  economy  as  an  integrated  activity.  The  failure  of 
the  national  economy  to  function  as  a  nationally  integrated  aitity  is 
depicted  by  the  model  as  a  decline  in  production,  eventually  leading  to 
collapse.  However,  even  though  the  model  may  indicate  that  the  national 
economy  has  collapsed,  it  is  possible  and  in  fact  probable,  that  there  will 
remain  pockets  of  self-sufficient,  regional  or  local  economic  activity. 
Yet  such  scattered  elements  of  economic  activity  would  not  resemble  the 
economic  structure  existing  today.  Thus  the  model's  prediction  of  collapse 
followir^  the  failure  of  the  interdependent  links  in  the  national  economy 
is  consistent  with  our  basic  definition  of  the  U. S.  economy  as  a  nationally 
integrated  structure. 
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CHAPTER  FOUR 

testimg  the  model 


Extensive  tests  of  the  FEMA  model  reveal  the  vulnerability  of  the  U.S. 
economy  to  small,  well-planned  nuclear  attacks.  Si  oir  work  with  the 
modd.,  three  kinds  of  tests  proved  Important:  tests  that  revealed  the 
modd’s  structure,  sensitivity  tests,  and  Investigations  of  the  results  of 
various  attack  scenarios, 

Qjr  prdiminary  explorations  of  the  modd  focused  on  its  structure 
and  behavior.  These  tests  revealed  important  characteristics  of  the  modd, 
such  as  its  tendency  to  uiderrepresent  damage  following  a  very  lop-sided 
attack.  This  was  due  to  the  model’s  aggregation  of  maiy  sub-sectors  of 
economic  activity,  which  are  represented  together  by  a  single  variable. 

Tte  attack  scenarios  we  wanted  to  test,  howeva-,  involved  destruction  of 
only  a  few  of  these  siD-sectors.  Thus  the  effect  of  such  attacks  was 
averaged  out,”  and  the  results  in  indlvidud  sub-sectors  were  obscured  by 
the  program.  Tb  correct  for  such  problems  in  instances  where  they  would 
severdy  misrepresent  effects  of  attacks  wa  were  considerit«,  we  made 
several  modifications,  such  as  the  one  that  separated  liquid  ftjels  from  the 
other  constituents  of  the  energy  sector. 

other  tests,  which  measired  the  model's  sensitivity,  allowed  m  to 
analyze  the  dependence  of  the  model's  results  on  initial  assunptiona  and 
bouida-y  conditions  -  for  ezanple,  the  effects  of  varying  such  Inputs  as 
the  availability  of  imports  and  the  psychological  reaction  of  the 
population  to  a  nuclear  attack.  Hnally,  the  model  was  tested  with  Inputs 
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derived  fhom  calculations  of  the  damage  resulting  fy*om  variove  nuclear 
attack  scenarios.  Tb  provide  further  tests  of  the  model's  sensitivity, 
these  attack  scenario  Inputs  were  used  In  corvJmction  with  differing  values 
of  key  parameters,  which  had  been  identified  as  Important  by  the  earlier 
sensitivity  tests. 

The  tests  we  describe  In  ttiis  chapter  demcxistrate  the  effects  of 
varying  those  factors  that  were  Identified  as  beir«  significant  dirir«  the 
sensitivity  tests  of  the  modd.  It  is  important  to  bear  In  mind  that  all 
oir  results  reflect  Initial  assmptlons  that  are  {x*obably  quite  optimistic. 
There  were  other  potential  Influences  that  we  could  not  test  —  components 
that  are  perhaps  m<M*e  fundamental  to  the  modd..  Such  factors  exert 
Influences  that  are  so  Integral  to  the  economy  that  they  are  impossible  to 
modd.  separatdy;  yet  because  of  their  fundamental  Influence,  these  are 
likely  to  be  the  most  powerful  determinants  of  economic  behavior.  For 
example,  the  modd  assumes  that  the  networks  responsible  for  commtnlcatir« 
Information  between  all  sectors  of  the  economy  remain  Intact.  The  entire 
modd  continues  to  behave  as  if  each  agent  operatir®  in  the  economy  had 
access  to  the  information  he  required.  Ehtire  sections  of  the  modd  thus 
are  driven  by  these  optimistic  assumptions.  Negative  effects  that  could 
result  fhcMn  damage  to  some  flndamental,  influential  dements  of  the 
economy  were  neglected,  since  it  was  extremdy  difficult  for  us  to 
represent  within  the  modd  the  effects  of  their  Impairment.  The  financial 
system  provides  an  example  of  this  weakness;  followir^  the  attack,  the 
modd  assunes  that  the  m^or  featvres  of  the  financial  system  ranaln 
Intact,  that  flnancid  records  and  computer  Information  systems  are 
indamaged  and  that  the  monetary  system  continues  to  operate,  ki  opposite 
view  has  beai  presented  by  some  experts,  who  envision  the  collapse  of  the 
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select  <pptin)istic  conditions.  When  we  tested  less  far-sighted  approaches 
to  allocation  (such  as  assigning  materials  in  quantities  proportional  to  the 
levd  of  demand  in  each  sector  ~  a  policy  that  might  not  seem 
unreasonable  to  the  post-attack  government),  the  model  depicted  economic 
performance  that  was  far  wcrse. 

]h  many  other  instances,  "built-in"  optimistic  assumptions  operate  in 
the  model.  F<m*  example,  the  modd  Incorporates  the  manner  in  which 
managers  and  foremen  control  their  Inventories  and  rate  of  production. 
peacetime,  following  an  apparent  change  in  demand  for  their  product,  they 
d<d.ay  their  reaction  (change  the  rate  of  production  or  shipping,  for 
instance)  until  the  trend  has  been  observed  for  several  months.  Since 
demand,  like  most  economic  variables,  normally  fluctuates  considerably 
about  its  average  value,  tWs  behavior  is  entirely  rational.  Yet,  followlr« 
ai  nuclear  attack,  it  is  unlikely  that  the  same  decision  rules  would  apply. 
Information  about  demand  might  be  unreliable,  and  managers  might  wait  even 
longer  before  making  adjustments.  They  might  not  know  how  many  factories 
had  beai  destroyed  and  how  much  demand  there  would  be  for  their  products; 
perhaps  they  would  re£V*ain  fhom  making  large  adjustments  to  their 
production  rate  until  the  sitiatation  became  clea*er.  In  the  model, 
however,  s«ne  sort  of  centralized  authority  is  assumed  to  be  operating 
after  the  nuclear  attack,  and  it  is  assumed  that  these  decision-makers  a*e 
instantly  informed  about  the  extent  of  the  damage  across  the  country  and 
adjust  their  operations  accordingly.  This  assumption  of  perfect  knowledge 
is  an  optimistic  one,  but  is  necessary  because  there  is  so  much  uncertainty 
about  the  post-attack  economy. 

Another  key  assunption  we  have  made  produces  slmilerly  optimistic 
economic  effects.  All  demand  for  U.S.  exports  is  set  at  zero  following  the 
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attack,  while  the  U.S.  Is  assvned  to  be  able  to  Import  foreign  goods 
(within  the  physical  restrictions).  Bi  the  very  vunlerable  period 
immediately  after  the  attack,  the  ability  to  import  without  having  to 
export  allows  the  U.S.  to  make  maximun  use  of  all  its  productive  capacity 
for  recovery,  te  the  nation  recovers,  exports  can  be  traded  for  needed 
imports,  but  the  built-in  allocation  rule  ensures  that,  under  conditions  of 
scarcity,  export  demand  does  not  divert  products  for  which  domestic  need  is 
pressing  (in  such  a  case,  the  export  sector  would  receive  a  fraction  of  the 
product  it  demanded).  These  assumptions  could  correspond  to  the  scenario 
in  which  the  rest  of  the  world  is  not  affected  by  either  the  nuclear 
attack  or  the  U.S.'s  economic  problems  ~  clearly  an  optimistic  scenario. 

The  Importance  of  variables  was  explored  in  extensive  sensitivity 
tests.  The  graphical  output  fhom  representative  sensitivity  tests  is 
presented  in  this  chapter.  Plots  of  CJff*  (Gross  National  Product)  are  used 
to  sunmarize  the  behavior  of  the  fourteen  industrial  sectors,  since  QIP  is 
the  sun  of  all  of  the  econcmy*s  products.  Where  (3IP  is  compared  to  normal 
levd-s  (such  as  vAien  we  give  a  percentage  of  normal  production),  it  is  the 
pre-attack  value  that  we  are  using  as  the  standard  for  comparison.  If 
projected  production  is  instead  used  as  the  standard,  the  post-attack  OIP 
would  appear  even  smaller  in  comparison,  since  in  this  case  it  would  be 
calculated  with  respect  to  the  projected  GNP  that  the  national  economy 
would  have  achieved  that  year  had  it  continued  normally.  Similarly,  when 
we  discuss  how  long  it  takes  the  economy  to  "recover,”  we  generally  are 
referring  to  the  period  of  time  it  takes  the  national  economy  to  attain  its 
pre-attack  levd.  of  production  (for  our  purposes,  per  capita  GNP  is  not  a 
reliable  indicator  of  economic  performance;  if  the  population  fell  bo  25 
million,  and  GNP  shrank  correspondingly,  the  economy  would  have  been 
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SENSITIVITY  TESTS 


The  plunge  of  the  GNP  to  zero  at  year  "T"  reflects  the 
tremendous  physical  loss  of  production,  capital,  and 
inventories,  which  must  be  written  off  (subtracted)  from 
the  remaining  production  for  that  year.  This  zero  value 
for  GNP  is  essentially  an  accounting  artifact,  stemming 
from  the  method  by  which  GNP  is  calculated.  In  contrast,  . 
actual  collapse  of  the  national  economy  is  indicated  by  ^ 
GNP  remaining  at  or  near  zero  for  an  extended  period  of 
time. 
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fundamentally  transformed  fy*om  its  cirrent  nationally-integrated 
structure).  If  instead  v#e  wish  to  calculate  the  time  it  takes  for  the 
economy  to  reach  the  levd.s  it  would  have  attained  in  the  absence  of  a 
nuclear  attack,  the  recovery  time  would  be  much  longo*  —  in  many  cases, 
the  econtxny  would  sLmpi)^  not  recover  in  this  sense,  but  would  remain  at  a 
Iowa*  plateau  for  a  period  of  time  too  long  for  the  model  to  predict  with 
any  confidence. 


SENSmYITY  TESTS 

We  ran  over  one  hundred  tests  of  the  model's  structure  and  behavior 
before  producing  the  results  that  appear  later  in  this  chapter.  For  this 
sensitivity  testing,  we  assuned  a  scenario  in  which  the  nuclear  attack 
results  in  a  40%  fatality  rate  among  the  population  and  an  across-the- 
board  reduction  of  40%  in  the  output  of  all  fourteen  economic  sectors  of 
the  modd..  We  call  this  the  "40/40  baseline  attack."  These  tests  revealed 
severaa  characteristics  of  the  economy  that  are  significant,  if  only 
because  they  are  tnexpected  or  comter-intuitive.  In  this  section,  we 
present  four  key  findings  of  otr  sensitivity  tests. 

We  first  consider  the  baseline  attack  scenario  ~  which  corresponds, 
as  noted,  to  the  death  of  40%  of  the  population  and  the  destruction  of 
40%  of  all  capital,  buildings,  and  inventories  in  each  sector,  and  a 
reduction  of  40%  in  import  availability,  ignoring  psychologicaa  effects. 
The  results  (depicted  in  the  first  sensitivity  test  graph  of  this  chapter, 
labded  the  "baseline  scenario")  were  as  expected:  following  the  attack, 
GNP  plunged  by  about  40%,  but  then  emb^ked  on  an  ipward  cdimb  at  a 
fairly  constant  rate  of  growth,  to  give  a  return  to  the  pre-attack  lewd. 
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of  caiP  in  about  25  years  after  the  attack.  year  "T,"  when  the  attack 
arrives,  GNP  plunges  to  zero,  reflecting  the  tremendous  physical  loss  of 
production,  capital,  and  Inventories,  which  must  be  written  off  (subtracted) 
fY*om  the  remaining  production  for  ttiat  year.  This  zero  value  for  OtP  is 
essentially  an  accounting  artifact,  stemming  fV*om  the  method  by  which  CWP 
is  c^culated.  Ih  contrast,  actual  collapse  of  the  national  economy  is 
indicated  by  GNP  remaining  at  or  near  zero  for  an  extended  period  of  time. 
f)rcm  oir  test,  it  became  clear  that  the  first  year  or  so  is  the  crucial 
time,  in  this  case,  collapse  is  averted  because  production  can  be  resuned 
before  inventories  are  exhausted.  Yet,  for  less  evenly  balanced  attacks. 
Including  ones  that  were  much  smaller  than  the  40/40  scenario,  we  fouid 
that  collapse  could  occir  at  the  end  of  the  one-  to  three-  year  period  of 
vulnerability.  Such  results  are  presented  in  the  next  chapter.  The  40/40 
baseline  attack  is  of  course  only  a  theoretical  attack  we  are  using  for 
demonstrative  and  testing  ptrposes,  though  in  fact  many  previous  studies  of 
the  effects  of  limited  nuclear  attacks  use  a  scenario  in  which  roughly  40% 
vbf  the  nation's  manufacturing  capacity  is  lost  [2]. 

Vfe  describe  here  sane  variables  which  proved  to  be  signficant  in 
determining  the  output  of  the  modd.  in  these  sensitivity  tests. 

1.  The  IVoportion  of  Ihjired  Survivors 

Economic  performance  is  depressed  considerably  if  the  parameters  in 
the  baseline  case  are  altered  to  reflect  a  higher  proportion  of  injtries 
rather  than  outright  fatalities.  This  is  shoWn  by  reducing  the  death  rate 
fhora  40%  to  20%  (see  the  second  sensitivity  test  graph,  labded  "50% 
injured").  such  a  scenario,  GNP  is  significantly  lower  than  in  the 


GNP,  TriUlons  of 1965  Constant  Dollars 


-  81  - 


baseline  case  -  especially  In  the  decade  following  the  attack,  this 
behavior  is  scmewtet  s,s-prlslng:  for  although  sane  of  the  l,0u-«l  poodle  do 
die  of  their  injuries  in  the  months  and  years  following  the  attack  (the 
death  rate  frcm  injuries  is  detemined  by  suuch  factors  as  the  avallabUity 
of  medical  care,  the-<^allty  of  the  diet  and  the  adeunacy  of  housing), 
other  injured  people  recover  and  enta-  tte  workforce,  and  tte  increase  in 
number  of  workers  normally  improves  economic  performauce.  Yet  we  find 
that  in  the  years  immediately  aftm-  the  attack,  injured  people  evert  a 
considerable  drain  on  the  economy.  They  consume  food,  housing,  and  health 
services  without  contributing  to  production.  Ihey  demand  daily  ca-e  that 
removes  healthy  people  from  the  workforce.  J,  aidltlon,  the  extreme 
demand  for  medical  services  they  generate  puts  an  enormous  strain  on  the 
medical  sector,  officials  in  this  sector  perceive  the  inaieujuacy  of  their 
sector's  capacity  (hospitala  and  medical  equipment,  for  example)  to  deal 
with  the  high  levels  of  demaud,  and  so,  naturally  enough,  onier  more 
capacity  _  a  request  that  can  be  fUled  only  at  the  expense  of  sane  otho- 

sector,  unless  triage  at  the  national  level  is  opted  for  early  on  in  the 
recovery  period. 

ft  the  absence  of  triage,  however,  by  the  time  the  medical  sector  tss 
succeeded  in  increasing  its  capacity,  many  of  the  people  wto  required 
medical  services  have  died,  and  that  sector  is  lea  with  an  excess  of 
capacity  for  over  afteen  years  ufhile  other  sectors  suffa*  acm  a 
shortfall  of  capacity.  ^  the  end  of  the  second  decade  aaer  the  atUck, 
few  injured  people  are  lea,  the  majority  havltg  eltho-  recovered  or  died. 

Ihe  medical  sector's  capacity  has  reached  levels  close  to  danand,  and  the 
performance  of  the  econony  begins  to  improve  canpared  to  the  baseline 
case.  Yet  the  early  years  of  instable  behavior  (GNP  is 


about  a  third  lower 
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In  the  first  post-attack  year)  Indicate  how  damaging  the  combination  of  low 
fatality  rate  and  high  casualty  rate  can  be.  When  conblned  with  other 
factors  that  cause  metastable  behavior  In  the  early  post-attack  years, 
such  an  effect  could  contribute  to  economic  collapse.  Had  psychological 
effects  been  Included  In  this  scenario,  the  high  injiry  rate  would  result  in 
lower  morale  and  lower  productivity.  Some  able-bodied  workers  would  stay 
home  ft-om  work  to  tend  their  sick  relatives  rather  than  obey  back-to-work 
orders;  other  workers,  strained  by  the  presence  of  lar^e  nunbers  of  the 
Infirm,  might  become  more  disillusioned  with  the  leadership.  The  results 
would  seriously  worsen  economic  performance. 

2.  inport  and  Ekport  Ibtes 

We  nsKt  investigated  the  results  of  allowing  dlfferit*  quaitltles  of 
Imforts  and  enports  to  be  brought  into  end  out  of  the  oouitry.  Ha  we 
described  earlls-  in  this  ehapter,  demand  for  aiports  drops  to  lero 
following  the  attack,  and  so  it  is  assuned  that  the  economy  does  not 
initially  have  to  sustain  the  burden  of  exportli«  donestically  needed 
iroducts.  m  the  baseline  attack,  in  order  to  keep  the  conditions 
"balanced,  we  allow  the  U.S,  to  import  required  goods  at  up  to  60%  of  its 
treattack  import  levels  du-lng  the  first  jem-.  This  percrotage  grows  to 
100*  in  five  years.  1,  two  of  these  tests,  we  cut  imports  to  0*  in  the 
initial  year,  growing  to  full  availability  five  aid" ten  jea-s  after  the 
attack  respectively.  Ji  the  first  of  these  cases  (shewn  as  the  top  curve 
in  the  sensiUvity  test  graph  labeled  "lower  importaf),  the  model  Slowed 
that  the  behavior  of  the  (MP  did  not  chai«e  signficantly.  This  behavior 
reflects  the  fact  that,  since  the  scenario  tested 


here  is  a  very  well- 
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SENSITIVITY  TEST 


Imports  return  to  normal  in  5  years  (top) 
Imports  return  to  normal  in  10  years  (bottom) 


balanced  attack,  demand  and  sipply  are  miformly  lowered  and  imports  are 
not  the  most  crucial  factor  in  determing  recovery.  Nevertheless,  if  import 
levd.s  remain  low  for  several  years  —  the  second  scenario  posits  import 
availability  growing  annually  by  one-tenth  the  pre-attack  volune,  so  that 
it  reaches  half  the  preattack  levd.  in  five  years  —  the  economy  collapses 
in  a  few  years  (as  shovn  in  the  bottcm  curve  of  the  "lower  imports^  graph); 
this  indicates  that  there  is  a  minimum  levd  of  imports  required  to  sustain 
recovery,  even  in  this  balanced  scenario. 

3.  liquid  FUel  Availability 

The  third  effect  that  we  studied  in  the  context  of  the  40/40  scenario 
was  that  of  reducing  liquid  fuel  availability.  Ii  this  set  of  tests,  we 
postulated  that  this  attack  was  specifically  targeted  at  liquid  fuels, 
causing  the  availability  of  fuels  for  transportation  to  plunmet  immediately 
sfter  the  attack.  We  modeled  this  shortage  of  fuds  by  "disconnecting' 
differing  fractions  of  the  surviving  transportation  capital  —  ttet  is  by, 
making  it  temporarily  unusable  until  investment  in  either  the  energy  or 
transportation  sector  brings  it  back  into  use  again. 

The  question  of  how  long  it  tal^s  to  reconnect  unusable 
transportation  capital  is  crucial  because  any  initial  lack  of  transportation 
can  cause  many  other  harmful  effects,  seme  of  which  could  continue  to 
influence  economic  performance  for  many  years.  Fbr  examine,  people  wiild 
starve  to  death  without  adequate  food  transportation  during  ttet  period. 
Other  long-term  effects  could  include  capacity  shortfalls,  caused  when  the 
post-attack  unavailability  of  transportation  constricts  capital  expansion  in 
all  sectors.  This  effect  is  seriously  damaging  when  the  decline  of 
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capacity  in  the  capital  sector  restricts  the  nation's  ability  to  produce  the 
capital  required  to  build  up  more  capital,  a  process  essential  for  economic 
recovery. 

The  problem  in  determining  the  time  it  takes  to  reconnect 
transportation  capital  ,is  that  the  aftermath  of  the  attacks  that  v#e 
postulate  are  without  historical  precedent:  EVen  in  the  smallest  attack, 
virtually  all  of  the  petroleun  refineries  and  the  ports  are  destroyed, 
together  with  other  energy  facilities.  As  little  as  5%  of  the  nation's 
transportation  capital  might  be  usable  immediately  after  the  attack. 
Reconnecting  the  remaining  transportation  capital  could  be  accomplished  by 
1)  r^uilding  refineries,  2)  dev^oping  alternative  fud.  sources,  and/or  3) 
devdoping  dternate  means  of  transportation.  Ibw  long  these  energy 
intensive  activities  would  take  —  at  a  time  when  both  fud  and 
transportation  were  limited  —  is  difficult  to  determine,  and  would  depend 
on  the  policies  implemented  by  the  government.  ]h  order  to  allow  us  to 
test  the  effects  of  different  policies,  this  time  lag  must  be  determined 
exogenously;  that  is,  it  must  be  determined  by  the  modder  and  imposed  on 
the  modd. 

There  are  two  important  time  considerations  —  how  long  does  it  take 
before  transportation  capacity  equds  the  levd  of  demand  and  how  long 
does  it  take  to  bring  transportation  capital  back  to  its  pre-attack  levd. 
The  first  event  would  occur  before  the  second  because,  after  the  attack, 
the  damaged  economy  would  initially  be  operating  at  a  lower  state  and 
would  not  need  the  same  amoint  of  transportation  capitd. 


The  first  of  oir  tests  showed  the  effects  of  neglecting  to  iraplsnent 
an  investment  policy  favoring  transportation  (the  lowest  plot  in  the 
sensitivity  tests  graph  labeled  "va-ying  transportation  investment  levd"). 
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SENSITIVITY  TESTS 


Baseline  conditions  (top) 

Transportation  bottleneck  lasts  a  few  months  (next) 
Transportation  bottleneck  lasts  one  year  (middle) 
Transportation  bottleneck  lasts  a  year  and  a  half  (next) 
Transportation  bottleneck  lasts  three  years  (bottom) 
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GMP  hovers  at  arouid  10%  of  its  pre-attack  levd.  for  the  entire  dvration 
of  the  simulation,  shovd.r«  no  signs  at  all  of  recovery.  Demand  for 
transportation  exceeds  available  transportation  capital  for  three  years;  at 
this  point,  enough  transportation  has  been  reconnected  and  economic 
activity  has  fallen  enough  that  there  is  an  excess  of  capacity  for  the  next 
two  decades.  Five  years  after  the  attack,  half  the  disconnected  capital  is 
once  again  being  used. 

The  second  policy  (the  next  highest  curve  on  the  graph)  is  one  that 
reintegrates  two-thirds  of  disconnected  capital  within  tvo  years  of  the 
attack.  Ii  spite  of  this,  GNP  stagnates  at  about  a  quarter  of  its  pre¬ 
attack  levd.  for  the  entire  two  and  a  half  decades  after  the  attack.  This 
policy  is  the  one  we  use  for  oir  "basellnef  scenarios,  since  it  seems  very 
unlikely  that  the  rebuilt  refineries  could  be  created  at  a  rate  so  that 
transportation  requirements  were  fully  satisfied  in  uider  two  years.  Ihder 
this  policy,  transportation  general  ceases  to  be  a  "bottleneck”  in  the 
economy  in  a  year  or  a  year  and  a  half.  Despite  the  fact  that  we 
considered  this  time  lag  fw  transportation  capital  reconnection  to  be  the 
mlnlmun  we  could  justify,  we  tested  policies  that  considered  even  shorter 
time  lags.  The  middle  curve  on  the  graph  shows  a  transportation  re¬ 
investment  policy  which  results  in  the  transportation  sector  limiting  the 
economy  for  only  a  year.  The  next  higher  curve  has  a  policy  that  results 
in  the  transportation  sector  limiting  the  economy  for  only  a  few  months. 
Of  course,  sxxjh  short  time  lags  are  completely  unrealistic  In  the 
aftermath  of  the  nuclear  attacks  we  consider,  and  yet  they  both  result  in 
levels  of  GNP  Iowa*  than  the  baseline  40/40  attack  (shown  as  the  upper 


curve) . 
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•Ms  behavior  demonstrates  two  things.  First,  significant  long-term 
damage  can  be  caused  by  disruptions  that  occir  in  the  first  few  months  of 
the  recova-y  attempt.  Second,  unbalanced  attacks  are  much  more 
devastating  than  balanced  attacks,  ev®  wh®  tte  unbalanced  attacks  are 
biased  toward  r®ov®y  with  uirealistically  optimistic  assunptions. 

For  the  remainder  of  this  chapt®  we  will  return  to  the  balanced 
40/40  attack  with  no  special  targeting  of  petroleun. 


4.  psychological  Effects 

A  foirth  key  set  of  variables  we  explored  in  this  test  sc®arlo  w®^ 
those  representing  psychological  effects  on  the  population  ®d  ®onomy. 
M  psychological  eff®ts  v®iables  int®sify  the  eff®ts  on  productivity 
of  changes  in  v®ious  indicators,  such  as  C3NP.  When  the  economy  is 
r®ov®ing,  this  eff®t  speeds  the  r®cv®y  process.  Wh®  the  ®oncmy  is 
in  a  sev®e  r®ession,  ev®  "mild"  adv®se  psycholc«ical  effects  c®  be 
calamitous.  Typically,  psychological  eff®ts  ®e  strongly  n^ative  in  the 
Immediate  aftermath  of  the  attack  but  c®  r®ov®  to  normal  levels  within 
a  couple  of  ye®s  if  the  r®ov®y  appe®s  to  be  proceedir«.  This  is  the 
case  for  the  40/40  sc®®io,  but  only  if  the  psycholgical  sector  is  - 
op®ating  at  "mildf*  levels;  at  what  we  call  "mod®at^  levels,  the 
psychological  influences  are  responsible  for  ®onomlc  breakdown.  Because 
of  such  eff®ts  as  disilluslonm®t  with  the  lead®ship,  people  break  away 
ft-om  traditional  ®onomlc  ®tlvity  and  the  economy  fragm®ts  into  separate 
eLmenta  which  no  long®  resemble  the  U.S.  economy  as  we  know  it. 
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Ojantifying  Psychological  Effects 


The  variable  knovn  as  "public  confldenceP  represents  the  most 
important  psychological  Influences,  ft  acts  as  a  multiplier,  which  means 
that  what  is  Important  is  the  r^ative  change  in  its  value  fran  its  normal 
level.  The  variable's  normal  value  is  one,  although  it  cm  raige  ft-om  0  to 
2  in  extreme  eituatlons.  fts  v^ue  is  detemlned  by  a  combination  of 
factors  such  as  the  standard  of  living  and  perceived  improvement  (of  the 
economy  and  of  the  nation).  If  the  standard  of  livir«  is  lower  then  its 
desired  level  (the  desired  level  is,  in  turn,  influenced  by  the  trend  of 
recent  history  of  the  actu^  standard  of  living),  thai  people’s 
expectations  are  not  being  met,  and  public  confidence  is  lower.  For 
example,  if  the  actual  standard  of  living  is  only  half  its  desired  level, 
mder  "mild"  effects,  public  confidence  falls  by  20%.  With  "moderate" 
psychological  effects,  public  confidence  is  halved. 

K*  O^P  is  perceived  to  be  increasing  at  a  rate  of  25%  per  yea-,  then 
mild  effects  would  cause  public  confidence  to  grow  5%  and  moderate 
effects  vould  result  in  a  20%  growth  in  public  confidence.  These 
relationships  are  not  linear:  if  QiP  is  char«ir«  at  a  large  rate  ~  say, 
falling  50%  per  year  -  then  mild  effects  call  for  a  10%  drop  in  public 

confidence,  whereas  moderate  effects  show  public  confidence  plur^irg  by 

60%. 

The  public  confidence  variable  in  turn  Influences  others:  if  it  is 
25%  higher  than  normal,  productivity  is  increased  by  5%  in  both  mild  and 
moderate  cases;  and  if  it  is  25%  lower  than  laual,  productivity  drops  by 
10%  under  either  sets  of  effects.  At  the  lowest  end  of  the  scale, 
however,  moderate  effects  prove  much  more  powerful:  at  public  confidence 
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levd.s  one  qiarter  of  their  normal  levd.,  productivity  can  fall  to  45%  of 
its  usual  level  vdth  moderate  effects,  compared  to  60%  for  the  mild 
conditions.  Similarly,  at  a  quarter  of  the  normal  level  for  pdbllc 
confidence,  labor  force  participation  cai  fall  to  half,  if  people  exhibit 
moderate  psychologic^  effects;  participation  falls  by  only  25%  if  the 
reaction  is  mild. 

The  exact  values  of  all  these  variables  depend,  of  course,  on  the 
conditions  depicted  by  the  model  at  each  Instant  in  time.  Ofp  recovers  to 
values  close  to  baseline  levels  within  a  few  years  of  the  attack  when  mild 
psychological  effects  are  incorporated  beacuse  we  are  assunir^  that  the 
population  exhibits  an  extraordinary  degree  of  resilience  srd  also  because 
the  110/40  scenario  is  balanced  (per  capita  GNP  does  not  charge  much,  for 
example).  ]h  later  scenarios,  we  find  that  the  mild  effects  can  lave  very 

negative  Influences.  The  moderate  effects  proved  to  be  almost  miformly 
catastrophic. 

This  aspect  of  the  modd.  is  one  we  tested  extensively  but  lave  not 
included  In  the  basd.ine  attack  scenarios  because  of  the  uncertainties 
Involved  in  (jjantifying  its  influence.  When  either  "mild"  or  "moderate" 
psychological  Influences  are  Introduced  In  the  baseline  case  (or  my  of  the 
others  mentioned  above),  the  economy’s  performance  worsens.  This  is 
especially  true  In  the  first  decade  following  the  attack,  when  GNP  is  at 
its  lowest  levels  and  tia  memcM'y  of  the  attack  still  fy*eah.  Sj  every 
case,  the  asstraption  of  "moderated  psyshdogical  effects  caused  the 
economy  to  collapse;  GNP  plunges  to  zero  within  five  years  of  the  attack 
(as  shovm  in  the  bottom  curve  of  the  sensitivity  test  graph  labeled 
"psychological  effectaf).  More  Informative  v&re  the  results  of 
incorporating  "mll<f  psychological  effects  (as  shown  In  the  middle  curve  - 
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Mild  psychological  effects  (top) 
Moderate  psychological  effects  (bottom) 


the  baseline  40/40  is  Aown  as  the  top  cirve  for  comparison).  Aiy  one  of 
the  factors  we  have  just  described,  such  as  disconnecting  transportation 
capital,  tended  to  lower  the  level  of  CWP  or  cause  it  to  fluctuate;  adding 
psychological  effects  systematically  tended  to  magnify  such  instabilities, 
causing  even  vdlder  fluctuations  in  GNP.  This  is  because,  as  we  have  said, 
psychological  effects  help  QIP  grow  whenever  the  economy  is  growir^  and  it 
hirts  GNP  whenever  the  economy  is  declining. 

Despite  the  fact  that  we  did  not  rely  on  the  inclusion  of 
psychological  effects  in  oir  baseline  predictions  of  the  results  of  va-lous 
attack  scenarios,  we  bd.ieve  that  the  death,  devastation,  and  deprivation 
that  would  follow  any  nuclear  attack  would  probably  have  severely  adv^» 
affects  on  survivors  for  a  long  time.  Therefore,  we  are  includir^  in  the 
next  chapter  several  tests  that  do  incorporate  psychological  influences.^ 
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Since  industry  also  tends  to  be  concentrated  In  urban  areas,  a  total 
of  40%  of  the  national  maiufacturing  capacity  is  destroyed  by  this  attack. 
The  additional  small-yield  weapons  destroy  97%  of  the  U.S.  production 
capacity  in  several  industrial  sectors  that  produce  such  crucial  products 
such  as  drugs,  refined  petroleum,  iron  and  steel  vrorks,  nonferrous  metals 
smdLting  and  refining,  engines  and  turbines,  industrial  machines,  and 
electrical  distribution  products. 

Ports  and  airports  would  be  devastated  (and  perhaps  irradiated)  by 
this  attack,  since  many  of  the  nation’s  ports  and  airports  are  located  in 
the  largest  cities.  In  the  months  following  the  attack,  there  wonlc  i>e 
little  opportinity  to  import  anything.  li  particular,  many  of  the 
facilities  essential  for  importing  liquid  fuels  would  be  destroyed,  since 
most  tanker  terminals  are  located  in  or  on  the  outskirts  of  major  cities, 
or  near  refino-ies.  Nevertheless,  for  the  baseline  attack  scenario,  during 
the  first  year  we  allow  the  economy  to  import  all  goods  at  20%  of  their 
pre-attack  rates  (although  we  tested  a  spectrum  of  initial  import  rates), 
with  higher  rates  in  sibsequent  years:  we  allow  this  import  levd.  to 
double  in  about  two  years,  and  by  the  end  of  the  first  decade,  imports  are 
no  longa*  restricted.  This  is  a  particxilarly  optimistic  assumption  for 
commodities  like  petroleum  that  require  special  port  facilities. 

The  loss  of  97%  of  the  petroleum-refining  capacity  following  the 
60/40  attack  would  reduce  transportation-fuel  availability  to  nearly  zero. 
In  the  moddL,  this  is  represented  by  disconnecting  95%  of  all 
transportation  capital  initially.  The  amouit  of  transportation  capital 
that  is  reconnected  thai  grows  in  rd.ation  to  the  amount  of  investment 
available  in  the  economy. 


Since  the  60/40  attack  is  directed  at  those  industries  most  essential 
for  maintaining  economic  activity,  several  of  the  model’s  eleven 
manufacturing  sectors  suffer  disproportionately  heavy  losses.  A  total  of 
7B%  of  the  nation's  metal  manufacturing  capacity  is  lost.  The  U.S.  also 
loses  half  of  its  ability  to  produce  capital  equipment,  energy,  ?)nd 
utilities.  Between  30%  and  45%  of  the  capacity  in  all  other  sectors  is 
lost,  with  the  exception  of  agriculture,  which  loses  3%  (mainly  its  food¬ 
processing  ccmponent).  This  attack  is  unbalanced,  disproportionat^y 
damaging  lic^id  fuels  and  metals  --  key  sectors  in  any  reconstruction 
effort. 

We  timed  this  60/40  attack  for  1981  (year  T  in  the  graphs),  and  the 
moddL  predicted  the  effects  on  the  economy  until  2006,  althcigh  in  several 
cases  we  extended  the  duration  of  the  simulation  to  2020.  The  first  graph 
(a'aph  A)  shows  the  behavior  of  GNP  following  the  60/40  attack  under  very 
optimistic  conditions;  immediately  after  the  attack,  the  import 
avail^ility  for  all  goods,  including  petroleim,  stands  at  20%  of  the  pre¬ 
attack  level  (availabilities  climb  by  about  10%  of  the  pre-attack  level  in 
each  sii)sequent  year).  Ij  the  transportation  sector,  capacity  exceeds 
demand  within  one  and  a  half  years  of  the  attack,  and  no  psychological 
effects  are  included. 

The  mod^  shows  that  the  economy  collapses  within  a  few  years  of  this 
attack.  The  U.S.  econcmy  may  not  function  again  as  a  nationally 
integrated,  interdependent  economy  for  many  decades  to  follow.  The 
deterioration  of  economic  activity  is  caused  by  the  combination  of  many 
factors,  including,  initially,  the  millions  of  injired  people,  the  lack  of 
liquid  fuel  availability,  and  the  severe  imbalances  caused  by  s^ectively 
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targeting  crucial  industries. 

It  is  difficult  to  find  realistic  inputs  that  can  cause  the  FEMA  model 
to  show  recovery  following  the  60/40  attack.  Although  we  have  argued  that 
assuming  20?  import  availability  immediately  after  the  attack  is 
optimistic,  much  large  levd.s  of  imports  do  not  stave  off  collapse. 
Moreover,  the  results  in  0*aph  A  were  calculated  assuming  that  the 
psychological  effects  sector  of  the  modd.  was  turned  off.  Yet,  we  believe 
that  after  such  a  large  attack  people  would  have  at  least  some 
psychological  reaction,  ranging  fron  the  depression,  apathy  and  lethargy 
exhibited  by  the  survivors  of  ffirodiima  to  complete  withdrawal  fhom  the 
national  economy.  The  incorporation  of  mild  psycholgical  effects  into  the 
60/40  attack  only  serves  to  accd.erate  the  economic  crash. 

The  results  of  these  simulations  suggest  that  the  60/40  attack  is 
significantly  larger  than  the  minimum  required  to  cause  the  collapse  of  the 
economy.  (Xr  sil>sequent  tests  suggest  that  fewer  than  one-third  the 
numba'  of  weapons  that  cause  the  devastation  of  the  60/40  attack  can 
inflict  economic  damage  of  almost  equally  catastrophic  proportions.  We 
turn  now  to  an  analysis  of  the  possible  effects  of  such  an  attack. 

THE  COUNTER-ENERGY  ATTACK 

The  counter-energy  attack  consists  of  85  550-kiloton  weapons  and  154 
200-kiloton  weapons,  a  total  of  239  nuclear  weapons  that  add  up  to  110 
equivalent  megatons  —  under  2%  of  the  deployed  equivalent  megatonnage  of 
the  Soviet  Ihion.  In  ^solute  megatons  the  attack  is  even  smaller,  under 
1%  of  the  total  Soviet  megatons.  Appendix  Two  gives  the  complete  target 
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list  for  this  attack. 

The  attack  is  designed  to  inflict  the  maxiniun  economic  damage  vMle 
minimizir^  the  attack  size;  to  do  this,  only  the  facilities  that  refine, 
store  and  transport  liquid  fuels  are  targeted.  Although  irban  areas  are 
not  deliberately  targeted  in  this  scenario,  most  of  the  major  U.S.  cities 

m 

end  ip  receiving  one  or  more  weapons.  This  is  a  by-product  of  the 
targetir^  strategy,  which  blasts  every  commercial  dock  and  berth  capable 
of  bringing  imports  into  the  nation  with  at  least  5  psi  [1].  Other 
explicitly  targeted  facilities  include  the  nations's  Strategic  Petroleum 
Reserve,  maintained  at  five  Texas  and  Louisiana  sites  by  the  Efepartment  of 
Ehergy  as  a  protection  against  a  sudden  drop  of  liquid-fuel  availability 
[2].  ever  95%  of  all  operating  U.S.  refineries  [3]  are  destroyed  by  this 
attack,  which  also  obliterates  almost  every  inactive  refinery.  The  attack 
targets  the  major  nodes  —  junctions  of  over  five  lines,  terminals,  and 
pxmp  or  cempressor  stations  —  of  the  nation's  three  pipeline  systems, 
which  are  used  to  transport  crude  petroleum,  petroleum  products,  and 
natural  gas  [4].  Although  industrial  installations  are  not  selected  as 
targets,  the  attack  also  destroys  25%  of  the  nation's  primary  steel 
msnufacturir^  capacity  and  18%  of  primary  non  ferrous-metals  manufacturing 
(many  metals- producing  plants  tend  to  be  located  near  port  and  refinery 
facilities).  ]h  all,  the  U.S.  loses  33%  of  its  capacity  to  produce  energy 
products,  19%  of  its  capacity  to  make  metals,  and  between  5%  and  10%  of 
its  capacity  to  manufacture  other  products;  cverall,  the  U.S.  economy  loses 
8%  of  its  manufacturing  capacity.  About  twenty  million  Americans  die 
immediately  followir«  this  attack,  which  also  injures  five  million: 
casualties  total  10%. 
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Ihis  is  a  very  small  attack  compared  to  the  60/40  attack  (which  had 
60%  immediate  casualties  and  40%  immediate  destruction  of  the  nation's 
manufacturing  capacity).  Ocnsldering  that  the  direct  casualties  are  about 
10%  of  the  population,  and  that  the  attack  directly  destroys  only  about 

8%  of  the  nation's  manufacturing  capacity,  this  attack  could  be  called  the 
10/8  attack. 

Despite  our  consistent  use  of  conservative  assumptions  to  estimate 
damage  and  casualty  rates,  the  modd.  simulations  indicate  that  the 
consequences  of  the  counter-eiergy  attack  would  be  seva-e  (see  Appendix  I, 
wha-e  we  present  a  representative  set  of  the  graphical  output  and  a 
discussion  of  its  interpretation),  ih  a  scaiario  that  optimistically  allows 
10%  of  the  pre-attack  rate  of  energy  imports  and  20%  of  the  pre-attack 
rate  of  all  other  imports  to  arrive  in  the  U.S.  immediately  after  the 
attack  (with  much  higher  levels  in  subsequent  years  -  for  instance,  energy 
imports  6oM>le  in  about  one  year),  includes  no  psychological  effects,  and 
posits  that  transportation  capacity  equals  demand  about  one  year  afte-  the 
attack,  the  economy  is  devastated,  as  plotted  in  O-aph  B. 

As  expected,  it  is  the  lack  of  transportation  adequacy  that  is 
responsible  for  the  initial  plvxige  in  GNP  (see  Appendix  I).  The  attack 
destroys  only  8%  of  the  nation's  manufactiring  capacity,  but  GWP  falls  by 
over  50%  in  the  first  year  after  the  attack. 

ftraUable  transportation  capital  falls  tamedlataly  to  about  5%  of  Its 
pre-attack  leyel.  Yet  the  assumption  that  transportation  capacity  equals 
demand  about  one  year  afta-  the  attack  means  in  seme  sense  that 
transportation  Is  no  longer  a  "bottleneck'  to  recovery  one  year  after  the 
attack.  The  policy  of  Investment  in  energy  anl  trtosportation  we  have 
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assumed  here  brings  transportation  capacity  to  50%  of  its  pre-attack  level 
in  about  one  and  a  half  to  tv®  years  of  the  attack  and  brings 
transporation  capacity  to  near  its  pre^attack  level  about  three  years  after 
the  attack.  Yet  evoi  vdth  these  exceedingly  optimistic  assunptions,  the 
lack  of  transportation  in  the  early  months  continues  to  influence  the 
nation's  capacity  to  produce  for  decades;  for  if  in  these  early  years 
people  starve  and  stocks  of  vital  supplies  are  exhausted,  it  can  take  many, 
many  years  to  undo  the  harmful  effects. 

About  8  5  of  the  population  is  killed  directly  by  vveapons  effects,  but 
almost  60  5  die  vdthin  tv®  years  of  the  attack.  People  starve  to  death 
without  food,  which  cannot  be  transported  fhom  the  middle  of  the  couitry 
where  it  is  produced  to  the  large  urban  centers  on  the  two  coasts,  and 
factories  cannot  produce  goods  vdthout  materials  and  labor. 

The  mass  starvation  that  takes  place  afte-  this  attack  (and  other 
attacks)  should  be  considered  a  qualitative  feature  of  the  mod^.  It  seems 
likely  to  us  that  the  highest  priority  for  the  maiy  people  in  the  post¬ 
attack  world  v®uld  be  survival,  rather  than  rebuilding  the  U.S.  economy. 

]h  this  case,  it  is  va-y  possible  that  the  U.S.  economy  would  be 
transformed  dramaUcally  after  a  nuclear  attack,  perhaps  becoming  far  more 
agrarian;  mass  migration  to  areas  near  the  crop  lands  of  the  Mid-Wbst 
might  occur.  This  v®uld  allow  the  land  to  be  cultivated  using  labor- 
intensive  techniques  that  do  not  rely  on  fossil  furis  and  machinery.  In 
this  way,  mass  starvation  would  be  avoided.  Oi  the  other  hand,  if  this 
occurred,  GNP  would  stabilize  at  much  lower  levd.s  thai  O-aph  B  indicates, 

and  recovery  of  the  GNP  to  pre-attack  levels  could  take  seve-al  decades 

[6]. 
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To  represent  people  removing  themselves  fV'om  the  workforce  for  aiy 
reason  (to  insure  their  survival  or  their  family’s  survival  or  just  because 
of  the  psychological  diock  of  the  attack),  we  might  include  mild 
psychological  effects  in  the  counter- energy  attack.  The  result,  indicated 
in  Q-aph  C,  shows  the  ecpnomy  languishing  at  about  a  quarter  of  its  pre- 
atack  levdL  for  20  years.  It  bears  repeating  that  mild  psychological 
effects  are  rather  mild:  if  the  OIP  is  falling  at  a  rate  of  50%  per  year, 
the  main  effect  on  the  economy  is  that  worka*  productivity  falls  by  a  few 
percent. 

Moderate  psychological  effects  have  an  even  more  devastating  effect 
on  the  economy,  causing  complete  economic  collapse  within  three  years  of 
the  attack,  as  shown  in  Q*aph  D. 

Uhtil  the  aid  of  the  discussion  of  the  counter-ena'gy  attack,  we  will 
turn  off  the  psychological  effects  sector  of  the  FEMA  moddL  and  consider 
that  there  is  no  adverse  psychological  reaction  to  the  attack.  This 
optimistic  assumption  will  allow  us  to  examine  independently  the  effects 
of  changing  the  values  of  other  inputs  to  the  model. 

Although  we  consider  the  level  of  imports  we  allot  for  this  attack  to 
be  optimistic,  we  also  examine  even  higher  lev^s  of  imports.  First,  we 
test  the  original  import  rates  —  10%  fud.,  20%  other  goods  —  augmented 
by  doubling  the  import  availability  of  food  to  40%  in  just  the  first  year 
after  the  attack  (as  before,  these  levd.s  are  rdative  to  the  pre-attack 
import  rates  and  they  are  incremented  every  subsequent  year),  ihe  results 
are  shown  in  Q“aph  E.  GNP  is  consistently  about  15%  higher.  Fewer  people 
starve,  and  the  economy  consequently  can  perform  better.  When  all  imports 
are  doubled,  to  a  rate  of  20%  for  fud.  and  40%  for  other  goods,  ^ain 
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with  higher  levd.s  in  subsequent  years,  GNP  follows  a  similar  path  (see 
Q"aph  F) ,  indicating  that  it  is  the  food  imports  that  are  important.  Even 
higher  rates  of  imports  were  tested,  and  while  they  tended  to  improve  the 
economy  somewhat  in  the  short  term,  they  were  not  so  benefici^  in  the 
long  term,  insofar  as  they  induced  the  economy  to  depend  on  imports, 
rather  than  rdauild  its  own  manufacturing  base.  This  is  perhaps  not 
surprising,  in  the  light  of  the  events  of  the  past  several  years.  [7]. 

The  conditions  represented  in  the  two  precedir^  test  runs  are  probably 
unrealistically  optimistic.  EVery  commercial  port  that  can  be  used  to 
import  significant  quantities  of  goods  and  materials  was  destroyed  in  the 
counter-eno-gy  attack  scenario,  after  all,  and  evo-y  m^or  city  targeted. 
States  that  had  in  the  pest  done  a  great  deal  of  importing  would  be 
struggling  just  to  save  survivors;  as  listed  in  ^pendix  n,  in  this  attack, 
for  instace,  California  gets  21  weapons,  Louisiana  gets  23,  Tacas  gets  38, 
and  Florida  gets  13.  Moreover,  it  is  far  from  clear  that  other  countries 
will  be  in  a  position  to  help  us  for  they  may  be  struggling  in  a  global 
depression  following  the  cra^  of  the  U.S.  economy,  or  they  may  be  directly 
targeted  (as  seems  very  possible  in  the  case  of  Canada  or  Mexico  [8]).  At 
the  very  least,  food  Imports  vdll  be  very  hard  to  come  by  after  the  U.S. 
stops  exporting  mass  quantities  and  starts  importir^.  More  likely 
conditions  vrouLd  probably  be  import  rates  lower  than  our  baseline  rates, 
with  energy  imports  initially  reduced  to  a  trickle,  say,  5%.  If  we  permit 
of  all  other  imports  to  be  brought  into  the  nation,  we  find  that 
lowering  import  availability  afto-  the  counter- energy  attack  reduces  GNP 
performance  only  slightly,  as  shown  in  Q"aph  G. 
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The  transportation  reconnection  rate  turns  out  to  be  an  Important 
determinant  of  the  recovery  rate.  Although  we  consider  our  baseline 
conditions  optimistic,  we  consider  a  policy  which  results  in  transporation 
capacity  exceeding  demand  within  months  of  the  attack  and  has  the  vast 
m^ority  of  transportation  capital  returning  within  two  years  of  the 
attack.  As  Q"aph  H  shows,  GNP  is  higher  and  recovery  is  faster,  yet  even 
in  this  very  optimistic  case,  where  the  transporation  bottleneck  lasts  less 
than  a  year,  the  economy  is  devastated  and  large  instabilities  threaten 
recovery, 

]h  Q"aph  I  we  show  the  effect  of  a  slower  reconnection  rate.  Here, 
the  prespects  for  any  kind  of  recovery  at  all  appear  bleak,  li  this  case, 
it  takes  two  years  for  half  of  the  transporation  capital  to  be 
reintegrated,  at  about  which  time  capacity  exceeds  demand  and 
transportation  is  no  longer  a  bottleneck  to  recovery.  For  many  reasons, 
we  bd.ieve  these  assunptions  are  far  more  realistic  than  our  baseline 
conditions. 

For  instance,  an  extremd.y  optimistic  featire  of  the  model  is  its 
assumption  that  scarce  resources  sre  allocated  in  ways  that  are  optimal  to 
recovery.  After  a  real  nuclear  war,  however,  it  seems  much  more  litely 
that  scarce  resources  would  be  allocated  haphazardly  (or  that  the  military 
might  simply  appropriate  them).  Therefore,  all  of  the  results  presented 
here  are  already  biased  towards  predictions  of  recovery  in  sitistions  that 
in  reality  could  cause  the  immediate  downward  plmge  of  GNP  characteristic 
of  complete  collapse.  Yet  oir  simulations  that  show  GNP  stagnating  at 
levels  a  small  fraction  of  pre-attack  GNP  cannot  be  considered  recovery; 
indeed,  one  of  the  few  things  we  can  be  fairly  confident  about  in  such 
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cases  is  that  the  economy  is  not  recovering. 

As  we  have  said,  our  baseline  conditions  combine  several  assumptions 
we  believe  to  be  optimistic.  If  we  made  just  two  of  those  assumptions 
more  realistic  —  adding  mild  psychological  effects  to  the  slower 
reconnection  rate  for  transportation  —  the  counter- energy  attack 
collapses  the  economy,  as  shown  in  Graph  J.  As  before,  transportation 
capacity  exceeds  demand  within  two  years,  yet  by  this  time  the  population 
has  dwindled  and  incentives  to  increase  the  recovery  simply  do  not  work: 
the  survivors  are  discotraged.  ]h  the  second  post-attack  decade,  as  the 
anticipated  recovery  fails  to  materialize,  public  confidence  plunges 
further  and  workers  begin  to  withdraw  from  the  organized  economy,  possibly 
to  take  part  in  fractionalized,  low-1  evd.  forms  of  economic  activity.  It 
is  this  migration  that  finally  causes  the  complete  collapse  of  the  U.S. 
economy. 

This  is  perhaps  the  most  realistic  path  for  the  economy  after  the 
comter-energy  attack. 

THE  COUNTER-ENERGY,  COUNTER-INDUSTRY  ATTACK 

]h  this  attack  scenario,  the  counter- energy  attack  was  augmented  by 
adding  several  dozen  weapons,  30  550-kiloton  bombs,  and  62  200-kiloton 
bombs.  The  targets  of  these  weapons  were  the  largest  installations  in 
several  key  manufacturing  industries.  S.x  industries  were  chosen  for  their 
importance  in  the  economy  and  because  they  are  geographically 
concentrated.  Blast  furnaces  and  primary  nonferrous-metals  manufacturing, 
two  components  of  the  metals- producing  sector,  are  essential  for  the 
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manufacture  of  all  metals  in  the  U.S.  Ehch  of  these  industries  loses  over 
80%  of  its  production  capacity  in  this  attack  scenario.  Four  otha' 
industries  suffer  between  50%  and  60%  destruction.  Ihey  are:  motors  and 
generators;  engines  and  turbines;  ball-  and  roller-bearir^s;  and 
semiconductor  m an ufac tiring.  The  products  of  these  sectors  would  be  of 
crucial  importance  in  the  post-attack  recovery  effort.  There  would  be  ai 
enormous  demand  for  semiconductors  following  the  effects  of  the 
d.ectromagnetic  pulse  (EMP)  during  the  attack;  as  we  described  in  Chapta* 
(he,  a  single  high-altitude  nuclear  detonation  can  severd.y  dam^e 
^ectronic  components  nationwide.  Semiconductors,  the  vital  components  of 
computers,  can  break  down  irreparably  due  to  EMP,  impairing  all 
communication  and  information-storage  systems. 

The  counter-oiergy,  counter-industry  attack  is  still  relatively  small 
in  size  —  much  smaller  than  the  60/40  attack,  for  instance.  It  totals  150 
ecjjivalent  megatons  —  equal  to  just  over  2%  of  the  Soviets*  total 
raegatonnage.  The  attack  kills  nearly  12%  of  the  total  population,  29 
million,  and  injures  3%»  or  7  million.  The  nation’s  urban  areas  suffer  the 
brimt  of  this  attack,  which  directly  affects  a  total  of  50  million 
inhabitants  living  in  the  cities,  suburbs  and  towns  that  receive  at  least 
one  weapon  each.  The  majority  of  weapons  fall  on  those  states  that 
contain  the  highest  concentration  of  industry,  which  also  happen  to  be 
among  the  most  heavily  populated  and  contain  the  larger  share  of  the 
nation’s  academic,  educational,  and  cultiral  institutions. 

this  attack,  the  economy  suffers  16%  overall  destruction.  And  so 
this  attack  should  be  considered  a  15/16  attack  (in  contrast  to  the  60/40 
Katz  attack  or  the  10/8  counter- energy  attack). 


-  102  - 


The  primary  metals  and  energy-products  sectors  lose  76%  and  34%  of 
their  capacity  respectively;  most  other  sectors  lose  between  10%  and  20% 
of  their  production  capacity.  It  is  important  to  recall  that  because  of 
the  structure  of  aggregate  sectors  in  the  programs  we  used,  the  model 
cannot  reflect  the  complete  extent  to  which  this  attack  would  damage  the 
economy,  since  it  cannot  separate  out  the  particular  industries  attacked. 

]h  particular,  the  capital-equipment  sector  of  the  modd.  includes  many 
products  other  than  motors,  generators,  engines  and  turbin»r  .  While  these 
key  industries  lose  over  50%  of  their  capacity,  compared  to  the  much  lower 
level  of  destruction  (under  15%)  suffered  by  other,  untargeted  industries, 
the  modd.  depicts  the  effects  of  this  attack  as  a  17%  overall  reduction  of 
the  capital- producing  sector.  Thus  the  model's  results  actually  indicate 
the  effects  of  a  much  more  balanced  attack,  rather  than  the  extreme  one 
we  have  described.  Vfe  therefore  expect  the  test  runs  for  this  scenario  to 
underestimate  severely  the  effects  of  the  counter-energy,  counter-industry 
attack.  As  usual,  the  actual  conditions  would  be  much  worse.  Even  with 
this  unavoidctoly  optimistic  aggregation  of  industries,  the  FEMA  model 
indicates  that  this  attack  has  a  s&/ere  effect  on  the  economy. 

(5“aph  K  indicates  the  prediction  the  FEMA  model  makes  for  GWP 
following  the  counter- energy,  counter-industry  attack.  The  same  optimistic 
assumptions  used  in  the  baseline  com  ter- energy  attack  are  used  here;  no 
psychological  effects  are  taken  into  account  (although  following  this 
larger  attack,  adverse  psychological  responses  would  be  all  the  more 
likd.y  to  reach  proportions  that  would  influence  economic  behavior),  the 
same  time  lags  for  reconnection  of  transportation  capital  are  used,  and  the 
same  post-attack  import  rates  are  used. 
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This  graph  is  quite  sltnilar  to  the  baseline  counter-energy  attack  of 
Q"aph  B,  The  main  difference  between  these  two  graphs  occurs  right  after 
the  attack,  where  Q"aph  K  indicates  greater  economic  instability  in  the 
first  few  years  after  the  attack.  This  is  not  surprising,  given  the  extra 
damage  to  several  industrial  sectors  that  would  be  crucial  to 
reconstruction. 

Nevertheless,  in  the  long  run,  the  counter-energy,  counter-industry 
attack  is  quite  similar  to  the  counter-energy  attack.  Tha*efore,  we  will 
not  repeat  all  the  graphs  in  the  previous  section  that  had  even  more 
optimistic  initial  assumptions.  They  are  very  similar  for  both  attacks. 

Moreover,  following  this  larger  attack,  we  would  expect  much  worse 
conditions.  Many  of  the  industries  destroyed  in  this  attack  would  be 
crucial  for  rebuilding  refineries,  transportation  capital,  and  ports. 
Therefore,  it  seems  prudent  to  consider  inputs  for  this  attack  that  are 
less  optimistic  than  the  ones  uised  in  the  counter- energy  attack. 

Because  of  the  greater  number  of  casualties  in  this  attack,  and  the 
large  number  of  shortages  in  key  industrial,  products  that  would  occur  in 
the  years  after  this  attack,  it  seems  likd.y  that  the  survivors  would 
suffer  at  least  some  adverse  psychological  reaction.  If  even  mild 
psychological  effects  are  incorporated  in  the  counter- energy,  counter¬ 
industry  attack,  then,  as  indicated  in  Q"aph  L,  the  economy  performs  much 
worse,  languishing  at  about  20%  of  its  pre-attack  levd.  for  25  years,  with 
no  sign  of  significant  recovery.  For  the  remaining  graphs  considered  in 
this  section,  we  will  turn  off  the  psychological  effects  sector  of  the 
FEMA  model  and  consider,  optimistically,  attacks  that  have  no  adverse 
psychologicaQ.  effects. 
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Compared  to  the  com  ter- energy  attack,  the  cointer-energy,  comter- 
industry  attack  should  make  it  more  difficult  to  import  goods  immediately 
after  the  attack  and  more  difficult  to  rebuild  the  importing 
infrastructure.  Q"aph  M  shows  the  effect  of  using  the  lower  import  le/els 
discussed  previously  in  producing  (Taph  G;  5%  availability  of  petrol eun 
imports  and  15%  availabilty  of  other  imports  immediat^y  after  the  attack 
(with  much  higher  import  levd.s  in  sii>sequent  years).  As  before,  this  has 
only  the  slightest  effect  on  the  result  of  the  attack. 

This  attack  causes  the  loss  of  more  than  three  quarters  of  the 
primary  metals  sector,  as  well  as  significant  portions  of  othe*  tey 
industries  like  motors,  generators,  engines,  turbines,  and  semi-conductors.. 
Clearly  this  would  severely  complicate  efforts  to  rdouild  petroleun 
refineries  or  retool  transportation  capital.  Our  optimistic  baseline 
assunption  that  transportation  capacity  equals  demand  in  about  one  year 
seems  particiilarly  conservative  following  the  comter-energy,  counter¬ 
industry  attack.  Graph  N  considers  the  result  of  a  a  lor^er  time-lag: 
transporation  capacity  exceeds  demand  in  about  two  years.  ]h  this  case, 
GNP  shows  only  the  slowest  levd.  of  growth  in  the  25  years  after  the 
attack. 

Finally,  we  examine  the  effect  of  reducing  the  fatality  rate  aid 
increasing  the  injury  rate  following  the  counter- energy  attack.  We  brieve 
otr  modd.  for  casualties  is  more  realistic  than  other  casualty  models, 
while  still  being  conservative.  Neverthd.ess,  for  a  variety  of  reasons,  it 
does  tend  to  yield  a  high  percentage  of  fatalities  [g].  Si  the  baseline 
case  we  had  about  29  million  initial  fatalities  and  7  million  injuries.  A 
real  attack  would  probably  have  a  higher  casualty  rate,  with  the 
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difference  made  xjp  primarily  of  injuries,  lb  examine  the  effect  of  a 
higher  ipjvry  rate,  we  consider  the  baseline  attack  with  the  same  casualty 
rate,  but  this  time  with  50?  fatalities  (18  million)  and  "0?  injured  (also 
18  million).  Ttie  results  are  shown  in  0*aph  a  (3<P  is  consistently  lower 
and  appears  neva-  to  catc’h  up  with  the  baseline  level  —  despite  the  fact 
that  there  are  more  survivors  in  this  scenario.  The  factors  influencing 
this  are  explained  in  Chapter  Four;  briefly,  it  is  because  the  injured  exert 
a  considerable  drain  on  the  economy  before  they  can  contribute  to  recovery 
_ gnd  by  ttet  time,  irreparable  damage  has  been  inflicted  in  the 

vulnerable  early  post-attack  years# 

If  mild  psyctological  effects  are  combined  with  slower  reconnection 

of  transportation  (without  even  considering  Iowa"  imports  or  more 
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CONCLUSION 


TMs  aialysis  of  the  FEMA  raod^  indicates  that  the  U.S.  economy  can  be 
severely  damaged  by  small,  bottlenecking  attacks  that  consume  as  little  as 
1%  of  the  Soviet  strategic  nuclea*  arsenal.  Because  we  have  made  so  many 
optimistic  assumptions  in  arriving  at  that  result,  we  believe  that  economic 
collapse  would  probably  occur  at  an  even  smaller  level  of  attack. 

Vfe  have  a  variety  of  conclusions  to  offer: 

A)  In  the  smallest,  most  optimistic  cases  considered  ha*e,  the 
economy  survives  at  undo-  a  third  of  its  pre-attack  level.  It  is  far  fl'om 
cle.-.-'t’  that  such  a  levd.  of  activity  represents  the  functionir^  of  a 
nationally  integrated,  complex  economy  as  we  have  come  to  know  it.  It  is 
also  very  unlikely  that  the  economy  can  climb  above  pre-attack  levd.s 
before  decades  have  passed.  3h  qualitative  terms,  the  economy  is  iiiable  to 
"shake  off”  the  effects  of  the  initial  attack.  Built  into  the  FEMA  model 
is  the  assumption  that  a  nuclear  attack  will  not  alter  the  fundamental 
structure  and  inta"rd.ationships  of  the  economy.  This  implicit  structural 
and  institutional  stability  may  be  obscuring  the  prob^ility  of  a  total 
economic  collapse  during  downturn.  Certainly,  nattonal  strategic  policy 
cannot  be  based  on  the  premise  that  the  U.S.  economy  can  assuredly  sirvive 
and  then  recover  from  the  kinds  of  small  attacks  we  consider  here. 

B)  While  computer  simulations  can  be  quite  misleading,  we  believe  we 
understand  the  flaws  in  at  least  one  previous  model  (the  SRI  model,  which 
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was  essentially  designed  to  diow  economic  recovery)  and  we  bd.ieve  that 

the  FEMA  model  (and  otr  implementation  of  it)  minimized  or  avoided  those 

flaws.  The  results  the  FEMA  modd.  most  rd.iably  produces  are  qualitative 
ones  —  that  small  attacks  can  collapse  the  U.S.  economy,  or,  at  least, 
induce  long  term  stagnation  at  subsistence  levd.s.  These  results  are 
markedly  different  from  earlier  simulations  using  different  modd.s, 

O  The  Soviet  Uhion  is  in  no  better  position  than  the  Uhited  States. 

Although  we  do  not  have  the  FEMA  model  which  simulates  the  centralized 

Soviet  economy,  it  is  expected  that  in  every  important  category  the  Soviet 
Uhion  is  more  vulnerable  than  the  Uhited  States:  their  urban  population  is 
more  than  double  ours;  their  ability  to  feed  their  population  in  peacetime 
is  far  below  ours;  their  industry  is  both  more  concentrated  and  more 
extensivd.y  collocated  with  their  urban  population,  and  it  has  minimal 
redundancy;  their  petroleum  industry  in  particular  is  more  concentated. 
More  qualitativd.y,  since  the  centralized  Soviet  r^ime  exercises  a 
repressive  h^emony  over  most  of  its  population,  the  Soviet  Uhion  would 
seem  much  more  likely  than  the  U.S.  to  fragment,  or  r^ionalize,  after  a 
small  nuclea*  attack  under  the  centrifugal  forces  of  nation^ism. 

D)  Since  the  Reykjavik  summit,  drastic  reductions  in  the  nunbers  of 
weapons  on  both  sides  has  seemed  possible.  If  both  sides  can  agree  to 
maintain  only  a  force  capable  of  inflicting  "unacceptable  damage?’  on  the 
other  side,  for  the  purposes  of  deterring  attack,  then  we  conclude  both 
sides  could  reduce  their  arsenals  by  more  than  95%  [1]. 
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E)  Finally,  we  conclude  that  the  Strategic  Defense  initiative  is  a 
worthless  expaise  if  it  is  intended  to  be  a  protective  shield  that  could 
keep  the  country  from  collapsing  aider  Soviet  attack.  The  nunber  of 
weapons  that  could  devastate  this  country  is  simply  too  small.  A  99% 
effective  defense  would  not  do  the  job.  And  even  if  the  proposed  anti- 
ballistic  missile  system  were  to  do  the  impossible  and  be  100?  effective, 
the  Soviet  Uiion  could  still  collapse  the  U.S.  economy  using  cruise 
missiles  and  bombo-s,  for  example,  which  the  SDI  systems  are  not  intended 
to  defend  against.  Ifeither  will  SCI  provide  a  significant  area  defense 
against  depressed- trajectory  submarine-launched  ballistic  missiles.  Since 
the  vast  majority  of  liquid  fossil  fuel  facilities  are  on  or  near  the 
coasts  of  the  country,  they  can  easily  be  attacked  from  submarines. 

its  emphasis  on  the  analytical  refresentation  of  quantitative 
economic  effects,  this  report  tends  to  obscure  the  hunan  side  of  a  post¬ 
attack  world.  Because  it  is  difficult  to  quantify,  this  human  dimension 
has  be®  neglected,  possibly  ignored,  in  many  previous  studes  on  the 
effects  of  nuclear  weapons  on  the  population.  Yet,  as  the  Office  of 
Technology  Assessm®t  wrote  [2],  "The  effects  of  a  nuclear  w®  that  cannot 
be  calculated  are  at  least  as  important  as  those  for  v*iich  calculations 
are  attempted.” 

Ihe  same  is  certainly  true  of  this  simulation.  There  is  simply  no 

* 

objective  way  in  which  we  could  reliably  incorporate  into  the  FEMA  model 
the  effect  of  the  initial  psychological  shock  of  death  and  devastation  on 
people;  the  continuing  fear  of  r®ewed  attack;  the  realization  that  a  way 
of  life  has  ended;  the  constant  fear  that  any  food,  any  water,  might  be 
fatally  contaminated,  either  by  radiation  from  ground  bursts  or  by  tcocic 
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chemical  leaks  caused  by  the  initial  attack,  Ifeither  can  we  (jiantify  the 
adverse  effects  on  children  -  and  hence  future  generations  -  caused  by 
exposire  to  radiation,  lack  of  food,  the  loss  of  schools  and  diversities, 

and  the  psychological  scars  of  the  ordeal. 

Vfe  have  not  considered  these  effects  in  calculating  our  baseline 
results,  and  indeed  we  have  emitted  all  adverse  psychologic^  effects,  not 
because  we  do  not  believe  that  they  are  important,  but  because  we  cannot 
predict  what  their  actual  extent  will  be  afte*  an  attack.  And  yet,  wai 
without  taking  them  into  account,  the  FEMA  model  indicates  that  very  small 
Soviet  attacks  can  devastate  the  U.S.  economy.  The  inclusion  of 
psychological  effects  at  modest  levels  results  in  rapid  and  inexorable 
economic  collapse  after  even  the  smallest  attacks  we  consider. 

Following  a  small  enough  attack,  perhaps  two  or  three  dozen  weapons, 
the  national  economy  could  probably  be  rebuilt.  A  larga*  attack,  two  or 
three  hundred  weapons  in  size,  would  result  in  the  national  economy 
fhagmentir^  into  disjointed  regional  economies.  Because  the  FEMA  model  is 
a  national  economic  modd.,  its  predictions  of  economic  collapse  following 
limited  nuclear  attacks  do  not  signify  the  disappearance  of  all  economic 
activity  in  the  Ihited  aates,  but  rather  the  fragmentation  of  the  economy 
into  regional  sub-economies.  Vfe  identify  the  couiter-energy  attack  that 
requires  1%  to  2%  of  the  Soviet  arsenal  with  such  an  effect.  Inmediately 
followir^  this  attack,  the  majority  of  Americans  would  be  alive,  but  the 
national  transportation  network  would  rapidly  collapse,  causing  millions  of 
urbanites  to  starve  to  death  and  forcing  millions  of  others  to  migrate 
from  urban  industrial  centers,  both  targeted  aid  mtargeted,  to  the 
relatively  undamaged  agricultural  regiwis  to  avoid  a  similar  fate.  That, 
of  coirse,  would  greatly  impede  recovery,  it  is  the  model's  prediction. 
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toweva-,  If  we  represent  the  flight  of  the  irban  population  with  the 
presence  of  mild  to  moderate  psychological  effects. 

Vfe  do  not  believe  that  the  FEMA  modd  is  capable  of  predicting  precise 
quantitative  results,  but  rather  can  reveal  qualitative  trends; 
nevertheless,  the  drastic  results  we  obtained  even  when  we  used  the  most 
conservative  assunptions  -  those  which  would  tend  to  ovo-estimate  the 
chances  of  recovery  -  suggest  that  in  fact  a  smaller  attack  than  the 
counter- energy  attack  would  probably  collapse  the  US  economy. 

Wiile  the  comter-energy  attack  would  probably  fragmoit  the  national 
economy  into  isolated  regional  economies,  after  a  still  larger  attack 
individual  communities  would  be  on  their  own.  We  may  associate  this  attack 
with  the  60/i|0  attack  that  requires  about  5%  to  6?  of  the  Soviet  arsenal; 
in  this  attack,  most  irban- dwelling  Americans  would  be  killed  or  injured 
immediately,  and  every  region  of  the  country  would  be  so  heavily  targeted 
that  only  individual,  untargeted  communities  have  a  significant  chance  of 
survival.  EV®  those  communities  would  probably  be  ova-whelmed  by 

incoming,  injired  survivors  and  by  the  privation  caused  be  a  collapsed 
nation^  economy. 

Since  the  outcome  of  attacks  involving  more  than  10?  of  the  Soviet 
strategic  arsenal  appears  evident,  by  mere  extrapolation,  we  have  kept  oir 
analysis  to  the  small  attacks  for  vMch  there  have  been  no  reliable 
estimates  of  aftereffects. 

It  bears  repeating  that  we  are  not  suggesting  that  the  Soviets  are 
actually  planning  "tiny"  attacks  on  the  U.S.  like  the  coui ter- energy  attack, 
but  rather  we  are  trying  to  show  just  how  vulnerable  the  U.S.  economy  is 
to  nuclear  attack.  Nevertheless,  we  consider  oir  scenarios  no  less 
realistic  than  many  (if  not  most)  of  the  other  scenarios  widely  discussed 
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for  a  Soviet  nuclear  attack. 

One  of  the  original  purposes  of  the  FEMA  model  was  to  examine  the 
usefulness  of  civil  defense.  Our  analysis  suggests  the  existence  of 
several  serious  problems  with  civil  defense,  aside  fY'om  the  logistical 
difficulties  its  preparation  would  entail.  Since  the  attacks  required  to 
devastate  the  Uiited  States  are  so  small,  the  Soviets  can  easily  increase 
their  attack  size  to  thwart  any  civil  defense  measures,  li  fact,  the 
Soviets  would  not  even  have  to  increase  the  attack  size  if  they  were  to 
choose  to  destroy  ports  and  the  petroleum  industry,  which  would  cripple 
nationwide  transportation.  Si  that  case,  many  survivors  die  of  starvation, 
and  civil  defense  would  probably  make  little  difference  in  the  long  run. 

As  discussed  earlier,  recent  research  has  shown  that  there  has  been  a 
tremendous  undo-estimation  of  the  effects  of  nuclear  detonations  on  people 
and  buildings.  This  report  attempts  to  complement  this  reexamination  of 
nuclear  weapons  effects  by  showing  that  tho-e  has  been  a  similar 
underestimation  of  the  effects  of  tens  to  hundreds  of  weapons  on  the 
nation^  economy.  At  the  root  of  many  of  the  most  poorly  conceived  ideas 
and  mistaken  nuclear  strategies  is  the  notion  that  the  effects  of  a  few 
dozen  weapons  would  be  "tolerable"  —  a  notion  based  on  an  underestimation 
of  the  persistence  and  extent  of  their  devastating  effects  on  an 
int^rated,  strorgly  interactive  economy.  Vfe  hope  that  our  presentation  of 
the  more  realistic  predictions  of  what  even  a  very  few  nuclear  weapons  can 
do  to  a  nation  will  form  the  basis  of  policy  decisions  regarding  the  future 
size  and  composition  of  the  nuclear  rsenals  of  the  Ihited  States  and  the 


Soviet  Ihion. 
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XI.  Office  of  Technology  Assessment  (OTA),  The  Effects  of 

Nuclear  Vfar,  Government  Printing  Office,  1979.  - - - 

Arms  Ctontrol  and  DLsarmameit  Agency  (ACDA),  An  Analysis  of  Qvil 
Defense  in  Nuclear  Vfar.  ACDA,  1978.  - - - - - 

M. Ho,. i’. HLppel,  '•'Ihe  Consequences  of  ’Limited’ 
Nuclear  Attacks  on  the  United  States,”  International  Security,  Spring  19R6 

fossible  fatalities  fV-om  Super  fires  following  Nuclear 
AUacks  in  or  Near  irban  Areas,  paper  presented  at 

heaicine's  Symposiun  on  the  Medical  Effects  of  Nuclear  War,  National 
Academy  of  Sciences,  Vfeshington  D.C.,  September  20-22,  1985. 

AMBIO,  Nuclear  War:  The  Aftermath,  Vdlune  XI,  Number  2-^,  1982. 

A.  M.  KstZf  Life  After  Nuclear  Vfar,  Ballinger,  1982. 

R.  Goot,  R.  Bothun,  and  F.  Walker,  Potential  Vulnerability  Affecting 

^tional _ ^rvival  (PVANS),  Stanford  Research  institute  (SRI),  September 

1  y  ( 

F.  D-esch  and  S.  Baum,  Analysis  of  the  U.S.  and  USSR  for 

^9r^mic  Recovery  Following  A  fiiclear  Attack.  Stanford  Research  Tn , 

Economic  Model  commissioned  by  Federal  Bnergency  Management  Agency  as 
described  in  Ltevelopnent  of  a  Pyrnamic  Model  Ib  Evaluate  Economic  Recovery 

^  ^tack.  Final  teport.  Volume  I;  Description 

Simulations.  November  igao.  pugh-Roberts  tno^  ’^^mbridgc - 

2.  iresch  and  E&um,  SRI  Analssis,  op/;it. 

Mmy  other  studies  have  it  so  attempted  to  calculate  the  recovery  time 
following  a  given  attack.  For  instance,  in  "Central  Vfer  aid 
avil  Defense”  published  in  Obis,  Fall  1978,  T.K.  Jones  and  W.  Scott 
Thompson  suggest  that,  using ^ST  of  its  deployed  strategic  force,  the 
"could  impose,  for  example,  a  twenty-year  penalty  on  the 

uni  ted  sta  tes  • 
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Chapter  Che 

1.  OTA  report,  op/jit. 

2.  GLasstone  and  Dolan,  op.cit.  Throughout  this  chapter,  this  book  is  the 
primary  source  for  the  blast,  heat,  and  radiation  contoirs  for  nuclear 
detonations.  The  OTA  report,  op.cit,  was  also  a  source.  It  is  true  that 
for  the  larger  weapon,  the  heat  is  deposited  over  a  longer  period  of  time, 
but  this  only  slightly  reduces  its  effect  (relative  to  less  heat  deposited 
over  a  shorter  period  of  time. 

3.  T.  Pcstol,  op.cit. 

4.  ACDA,  1978,  op.cit.,  p.  3. 

5.  The  Soviets  have,  roughly,  6000  megatons,  whether  calculated  as 
equivalent  megatons  or  absolute  megatons.  The  170  550-kiloton  weapons 
used  in  the  attack  constitute  some  115  equivUent  megatons  (slightly  under 
2%  of  6000),  and  sane  94  absolute  megatons  (slightly  more  than  1.5%  of 
6000). 

6. -  E.  J.  Lerner,  "EMPs:  Potential  Chippler”  IEEE  Spec tr an,  May  1981. 

7.  Katz,  op.cit.,  pp.  91-142.  The  primary  modification  we  made  in  the 
attack  is  that  we  replaced  the  1-raegaton  weapons  he  uses  with  5504ciloton 
weapons.  Since  he  has  used  overly  conservative  damage  criteria,  this 
switch  has,  we  believe,  no  effect  on  the  outcome  of  the  attack  as  Katz 
describes  it. 

8.  We  used  the  Census  of  Population's  1930  United  States  Summary:  Number 
of  Bi habitants  to  establish  the  population  and  areas  of  the  481  cities, 
towns,  suburbs,  and  villages  that  are  targeted  in  this  attack. 

9.  It  may  very  well  be  that  there  are  many  millions  more  injured.  We 
examine  this  possibility  in  Chapter  Five. 
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Chapter  Two 


1.  Joint  Cbmmittee  on  Defense  froduction,  Civil  freparedness  Review  Part 
n;  industrial  Defense  and  Nuclear  Attack,  U.S.  CJovernment  Printing  Office. 
1977. 


2.  J.  Sassen  and  K.  Willis,  Data  Base  and  Damage  Criteria  for  Measurement 
of  Arms  Limitation  Effects  on  war  aipporting  Bidustry,  Metis  forporation 
for  the  Arms  Control  and  Disarmament  ^ency,  1974. 

3.  S.  G.  Winter,  Boonomic  Recovery  Fhom  the  Effects  of  Thermonuclear  Vfer, 

RAND  Corporation,  Santa  Monica,  California,  1961.  ' 

4.  War  Supporting  Industry  report  for  ACDA,  op  cit. 

5.  die  problem  in  Vforld  War  n  with  bombing  highh-value  German  targets  was 
that  selective  sites  could  be  provided  with  heavy  air  defenses,  -naving 
their  destruction  too  costly  in  terras  of  Allied  aircraft  and  airmen. 
Today,  however,  destroying  high  value  targets  with  nuclear  weapons  avoids 
that  problem  of  strategic  bombing. 


6.  German  chief  electrical  engineo-ing  design®'  quoted  in  Bennett  Ramberg, 
Destruction  of  Miclear  Eha-'gy  Facilities  in  Wbr.  Lexington  Books,  I960,  pp. 
1 3  “1 4. 


7.  ACDA  report,  1978,  op.cit. 

8.  Marketing  Economics  Iisitute  Key  Plants  1984-1985.  Marketing  Economics 
Sistitute,  1985.  Our  calculations  involved  rounding  nunbers  to  the  nearest 
whole  percentage  point.  We  checked  the  acciracy  of  this  data  base  against 
Census  ^eau  svt> totals  for  four-digit  SIC  codes  and  found  the  agreement 
to  be  within  5%  or  so  in  most  cases.  Iterhaps  because  of  economies  of 
scale  or  attempts  to  cut  transportation  costs  by  locatir^  near  suppliers 
or  markets,  the  trend  in  U.S.  industry  seems  to  be  towards  greater 
concentration  ~  which  implies  that  oir  figures  probably  err  on  the  side  of 
mder estimating  the  degree  of  concentration  of  U.S.  industry. 

9.  Tte  inadequacy  of  the  surviving  medical  community  has  been  discussed 

extensively  elsewhere.  See,  for  instance,  Katz,  op.cit.,  for  discussion  and 
references.  Also  see,  J.  Leaning  and  L.  Keyes,  The  Cbuiterfeit  Ark, 
Ballir^er,  1984.  - - 

10.  I&tz,  op.cit.,  pp.  179-180. 

11.  ]h  this  section,  ws  use  the  following  sources; 

Energy  Ihfor"- ^on  Administration,  Departanent  of  Ehergy,  Monthly  Ehergy 
Review;  December  1986,  Government  R~inting  Office,  March  1987'ii 

^•"®3u  fconoraic  Analysis,  Department  of  Commerce,  Summary  Siput- 
(Xitp^  Ibbles  of  the  U.S.  Economy,  Qovenrraent  IVinting  Office,  Oct.  1981. 

Bjr^eiu  of  the  Census,  Be^rtraent  of  Cbmraerce,  Ainual  Survey  of 
Manufactures  (FUel  and  Electric  Ehergy  consumed),  Goverrcnent  Printing 
Office,  1985. 
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Oak  Ridge  rfetional  Lab,  Tbanst^rtatlon  Eha’gy  EBta  Bjok,  O.R.N.L.  (for 
the  Department  of  Ehergy),  SixUr"!SI^3on7~i'9H2l 

Cak  Ridge  Associated  Lhiversities  (for  the  Department  of  Ehergy), 
Industrial  Ehergy  Use  Data  Book,  Garland,  1980. 

Office  of  T^hnology  Assessment,  U.S.  Vulner^iliy  to  an  Oil  Import 
(Xtrtailment:  The  Oil  Replacement  Capability,  U.S.  Congress,  Office  of 

Technology  Assessment,  198^.  '  ^  . 

National  Petroleum  Oomcil,  Ehiergency  Preparedness  for  Interruption  of 

Petroleum  imports  into  the  U. S. ,  1981,  pp.  24,  28-29f  73*  HI* 

- A.  B.  k)vihs  and  L.  H.  Loviris,  Brittle  Fewer,  Erick  House,  1982. 

Eliot  Marshall,  "Planning  for  an  ai  Cutoff,"  Science,  vol.  209  PP. 

246-247,  11  July  1980.  ^  ^  ’ 

American  Ehterprise  Forum,  J.  C.  Daly,  moderator,  Ehergy  S^irity 
Can  We  Copy  with  a  Crisis?,  American  Ehterprise  Institute,  Nov.  1980. 

- W.  Q ark  arid  J.  fageTEhergy.  vulnerability  and  War,  Norton,  1981. 

D.  A.  Deese  aid  J.  S.  Nye,  Ehergy  and  Secirity,  Harvard  Ehergy  and 
Security  Project,  Ballinger,  1981. 

12.  Many  of  the  weapons  targeted  on  active  refineries  destroy  inactive 
ones  incidentally  (inactive  refineries  were  identified  by  comparing  lists  of 
operating  refineries  for  several  years,  and  deducing  which  ones  had  fallen 
out  of  use).  vath  tte  addition  of  a  few  more  weapons,  most  of  the 
refineries  that  currently  lie  unused  would  be  destroyed.  Reopening  ^ut 
refineries  can  be  difficult  even  under  the  best  circumstances. 


13.  Vfinter,  op.cit. 

14.  V.  Khishnaraurthy,  ]hdia’s  Secretary  for  Industry,  as  cjjoted  in  "Growing 
Ehergy  Gap  in  Iidia  is  Chippling  Industry,"  New  York  Times,  Dec.  16,  1979,  p. 
24. 


15.  Alvin  Aim,  quoted  in  Eliot  I'fershall,  op.cit. 

16.  Eliot  Marshall,  op.cit. 

17.  Ibtional  Petroleum  Council,  op.cit. 

18.  In  its  Monthly  Eha*gy  Report  for  1986  (op.cit.)  the  Department  of 
Energy  reports  that  existing  petroleum  stock,  in  transit,  terminals,  pipes, 
etc.,  totals  1.6  billion  barrels  ~  out  of  an  annual  usage  of  16.1  billion 
barrels. 

19.  cak  Ridge  Associated  lhiversities.  Industrial  Ehergy  Use  teta  Book, 
op.cit. 

20.  K.  Tbipis  and  S.  Fetter,  "Catastrophic  Releases  of  Radioactivity," 
Scientific  American,  April  1981. 

21.  It  might  be  argued  that  the  Soviets,  unda-standlng  the  devastating 
global  possibilities  of  a  nuclear  winter  scenario,  would  try  to  avoid 
targets  such  as  oil  refineries,  that  could  cause  super  fires  that  might  make 
nuclear  winter  more  likd.y.  Yet,  the  most  recent  and  comprehensive  work 
on  nuclear  winter  suggests  that  it  would  probably  require  an  attack  more 
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larger  than  the  counter- energy  attack  to  have  significant 
global  tapact.  Mor^er,  if  the  Soviets  were  concerned,  the  extreme 
geographic  concentration  of  U.S.  refineries  would  allow  the  Soviets  to  use 
ground  bursts  near  the  refineries  rather  than  overhead  air  bursts  on  them, 
to  render  them  unusable  with  radioactivity  rather  than  fires. 
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Chapter  Three 

1.  We  are  indebted  to  John  Sterman  of  the  Sloan  School  of  Management  at 
M.LT.  for  Us  insightful  comments  on  the  subject  covered  here.  Although 
the  material  that  appears  here  is  our  ovm,  his  paper  A  Skeptic's  Guide  to 
Computer  Models  (Sloan  School  of  Management,  MTT,  I9S5),  was  extremely 
enlightening  and  did  inspire  the  first  section  of  this  chapter. 

2.  Nuclear  Vinter  and  the  Qito  of  Rome's  dire  prediction  of  resource 
limitations  (see,  for  instance.  Meadows  et  al.  Limits  to  Growth,  Uhiverse 
Books,  New  York,  1972)  are  both  examples  of  well-publicized,  controversial 
results  based  on  computer  modd.s. 

3.  SRI  report,  1973*  op.cit. 

4.  Ibid,  p.  1-2. 

5.  Ibid,  p.  1-12. 

6.  Ibid,  p.  1-16. 

7.  Ibid,  p.  1-12. 

8.  Ibid,  p.  1-16. 

9.  Ibid,  p.  1-11. 

10.  Perhaps  the  majority  of  one-megaton  weapons  targeted  on  refino'ies 
could  be  replaced  by  100-  or  200-kiloton  warheads,  drastically  reducing  the 
overall  megatonnage  of  the  attack. 

11.  Rjgh-Roberts  Associates  Ihc.,  Devdopment  of  a  Eynamic  Modd.,  op.cit. 

12.  The  equations  that  make  up  a  System  Dynamics  model  consist  of 
representations  of  decision-making,  both  individual  and  corporate,  which  in 
the  aggregate  explain  and  predict  macroeconomic  phenomena.  For  example, 
in  an  econometric  modd.,  the  demand  for  a  primary  factor  (such  as  a  raw 
material  required  by  a  manufacturer)  vould  be  derived  from  an  aggregate 
production  function  using  statistical  methods  which  correlate  the 
historical  demand  for  the  raw  material  to  other  empirically-measured 
variables  (such  as  the  amount  of  other  raw  materials  avail^le).  ]h  a 
System  Dynamics  model,  the  same  primary  factor  demand  is  determined  by  an 
ordering  function  rd.ating  the  factors  that  would  influence  a  factory 
manager's  ordering  decision.  The  manager's  decision  could  be  influenced  by 
inventories,  the  order  backlog  for  the  material  ordered,  dd.ivery  dd.ays, 
perceived  prices,  expected  process,  expectations  of  the  market's  stability 
and  desired  production  rates.  The  ordering  function  could  take  a  non¬ 
linear  form,  influenced  by  economic  conditons,  and  corresponds  directly  to 
the  "rules  of  thumW  or  decision  rules  employed  by  managers  and  ^op 
foremen  in  making  such  descisions.  Because  decision-makirg  is  the  focus 
rather  than  its  usual  aggregate  results,  this  technique  is  probably  better 
suited  to  represent  the  behavior  of  ^ents  in  the  economy  under  uiusual 
conditions  of  low  availabilty  of  some  factors  and  adequate  sipplies  of 
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others,  of  extreme  price  fluctuations  and  of  ijicertain  desired 
rates. 


!^*  Of'fice  of  Technology  Assessment,  U.S.  VUlnerdDility  to  m 
Curtailment,  op.cit.  " 

14.  Department  of  Cbmmerce,  Survey  of  Current  Business. 
Printing  Office,  April  1979. 

15.  This  discussion  of  psychological  effects  is  adapted  fhom 
Roba-ts  report  on  the  FEMA  model,  op.cit. 
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Chapter  Foir 


1.  Yves  Laulan,  ’'Economic  Ocnsequences:  Back  to  the  Dark  Rges,”  AM  BE),  vdl 

XI,  no.  2-3,  1982.  . 

The  example  of  the  Japanese  and  German  economies  toward  the  end  of 
and  immediatd.y  after  ths  Second  World  War  (which  wculd  resemble  only  the 
most  uirealistically  optimistic  post-nuclear  attack  scenarios)  illustrates 
tte  potential  disruptiveness  of  an  attack  that  obliterates  industry.  For 
ex  an  pie,  in  a  1963-  Rand  Corporation  study  Disaster  aid  Recovery;  A 
Historical  Survey,  J.  ffirshliefer  notes  that  the  ^panese  recovery  was 
unsatisfactory  —  slower  than  the  planners  had  anticipated  —  because  of 
"the  diversion  of  production  and  exchange  into  devious  and  inefficient 
chaind.s  to  evade  price  control  and  allocation  mechanisms.”  The  black 
market  may  have  accounted  for  as  much  as  half  of  the  national  income  in 
these  years.  Urban  Japanese  trekked  into  the  cointryside  to  barter  for 
food,  and  the  fact  that  agricultural  output  recovered  faster  than 
industrial  implied  an  tnplanned  shift  of  population,  and  hence  economic 
activity,  out  of  the  cities. 

Tn  Germaiy,  in  the  aaerraath  of  the  war,  "transportation  had  generally 
stopped,  and  with  it  practically  all  industrial  production."  From  May  to 
December  1945,  industrial  production  was  as  low  as  5%  of  its  normal  level, 
despite  the  fact  that  industrial  dcwiage  was  estimated  at  20%  of  the  pre¬ 
war  capacity.  And  uitil  1948,  the  nation  was  unable  to  focus  on  industrial 
recovery:  "economic  planning  in  Germany  was  dominated  by  the  hand-to-mouth 
problen  of  finding  sufficient  food  to  prevent  starvation." 

2.  Such  scenarios  include  the  smallest  of  the  attacks  SRI  consido-ed  in 
their  1973  report,  op.cit. 
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Qiapter  Five 

1.  Water  Rssources  Support  Center,  U.S.  Corps  of  Ehginea*s,  Port  Series, 
Government  Printing  Office,  1983-84. 

2.  Assistant  Secretary  for  Fossil  Ehergy,  Department  of  Ehergy,  Strategic 
Petroleum  Reserve;  Annual  teport.  Government  Pointing  Office,  1^4. 

R.  G.  Lawson,  "Strategic  Petrol eun  Construction  Ehds  First  Phase,"  Oil 
And  Gas  Journal,  21  July,  1980. 

3.  ALleen  Cantrell,  "Annual  Refining  Survey,"  Oil  and  Gas  Journal,  March 
1983,  1984  and  1985. 

4.  Penn  Vfell  Maps,  Phoduct  Pipelines  of  the  Uhited  States  and  Chnada,  Penn 
Well  Publishing,  1983« 

Penn  Well  Maps,  Chude  Oil  Pipelines  of  the  thited  States  and  Chnada, 
Penn  Well  P\iblishing,  19S2. 

Penn  well  Maps,  Pbtural  Gas  Pipelines  of  the  IJhited  States  and  Canada, 
Pam  Well  Publishing,  1982. 

5.  We  criticized  the  report  in  Chapter  Three  for  having  all  of  the 
destroyed  refining  capacity  come  back  in  exactly  2  years.  This  is  both 
optimi^ic  in  terms  of  speed,  and  inrealistic  in  terms  of  simultaneity.  We 
have  kept  the  optimistic  aspect  of  the  speed  of  return  of  transportation 
capital,  but  we  have  tried  to  handle  it  more  realistically.  We 
optimistically  have  transportation  capacity  equal  denan  about  one  year 
after  the  attack,  yet  the  entire  rebuilding  process  is  spread  over  a  three 
year  period. 

6.  As  discussed  in  Footnote  1  of  Chapter  4,  this  happened  to  some  extent 
in  both  Japan  and  CJermany  after  World  War  n. 

7.  Imports  cannot  be  relied  on  forever.  If  imports  become  an  external 
crutch  for  the  U.S.  economy,  then  the  internal  rebuilding  process  can  be 
slowed  down,  which  can  seriously  hurt  the  long-term  prospects  for  the 
economy. 

8.  As  we  have  said  before,  if  the  point  of  the  attack  is  to  collapse  the 
U.S.  economy  and  keep  it  from  recovering,  the  Soviets  might  well  target  a 
few  weapons  on  Cbnada  and  Mexico  to  put  them  in  no  position  to  aid  the 
United  States,  at  least  in  the  short  term  when  it  is  the  most  critical. 

9.  As  described  in  the  text,  our  casualty  rates  for  an  evenly  distributed 
population  is  70?  fatalities,  30%  injuries.  Bn  the  case  when  the  bomb  is 
dropped  on  an  irban  center,  where  the  population  is  concentrated  near 
ground  zero,  fatality  rates  will  be  higher.  While  we  brieve  that  an 
attack  like  the  60/40  attack,  which  targets  many  weapons  (up  to  60)  on  an 
individual  city,  we  are  confident  that  otr  high  fatality  rates  are 
realistic.  For  the  smaller  attacks,  like  the  counter- energy  attack,  where 
in  many  cases  only  one  weapon  is  targeted  on  a  city,  it  is  entirely 
possible  that  there  would  be  more  injuries  than  we  calculate.  Perhaps  the 
higher  ipjury  rate  would  mean  a  lower  fatality  rate,  but  not  necessarily. 
Vfe  believe  our  overall  casualty  rate  is  conservative,  and  it  may  very  well 
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be  that  injuries  occur  over  a  much  larger  area  than  we  use  in  our 
approximation  (especially  if  some  weapons  are  ground-burst,  and  radiation 
is  widespread).  ]h  any  case,  as  the  FEMA  raod^  indicates,  our  choice  of  a 
high  fatality  rate  is  an  optimists  one  from  the  viewpoint  of  economic 
recovery. 
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Chapter  Six 


1.  We  ^Bve  argued  that  only  1%  of  the  arsenal  is  reqMired  to  inflict 
"unacceptable  damage."  This  would  imply  reductions  of  99%  or  more  could 
be  made.  Yet,  allowances  have  to  be  made  for  certainty  of  dd.ivery,  both 
frcm  the  point  of  view  of  weapons  rd.i*ility,  and  from  the  point  of  view 
of  surviv^ility  (for  instance,  some  of  the  U.S.  deterrent  could  be 
destroyed  in  a  Soviet  first  strike).  For  this  reason,  we  have  chosen  a 
conservative  figure  of  95%  reductions. 

2.  OTA,  The  Effects  of  Nuclear  Wfeir,  op.cit. 
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APPENDIX  ONE 

ANALYSIS  OF  THE  EFFECTS  OF  A  COUNTER-ENERGY  ATTACK 

This  appendix  details  the  behavior  of  several  key  economic  variables 
in  the  baseline  Oomter-Energy  Attack  scenario.  The  first  plot  depicts  the 
time  devd-opment  of  GNP,  required  imports,  and  actual  imports.  The  second 
plot  diows  the  population  levds.  Several  of  the  FEMA  modd.*s  11 
industrial  sectors  are  then  explored  in  detail.  For  metals,  capital  goods, 
energy  products,  transportation,  and  agricuLtire,  plots  of  demand, 
capacity,  and  usage  are  given.  Although  for  these  sets  of  graphs  the 
ordinates  are  shovm  as  co-linear  (all  beginning  in  1980),  they  are  distinct, 
as  the  separate  abscissae  indicate. 

Q*aph  Che;  The  drop  in  C3IP  is  much  greater  than  would  be  expected  as  a 
result  of  the  direct  loss  of  cap>acity  and  inventories.  The  mechanism  for 
this  collapse  comes  into  effect  immediately:  it  is  the  lack  of 
transportation,  demonstrated  in  subsequent  plots. 

It  is  not  clear  that  the  economy  will  recover-  after  2005,  since 
economic  activity  remains  at  35%  to  45%  of  the  pre-attnck  level  for  the 
entire  period  amulated  by  the  model.  This  low  levd.  of  economic  activity 
implies  that  fundamental  structural  changes  have  taken  place  in  the 
integrated,  interdependent  structure  of  the  U.S.. economy  as  we  know  it. 

Ii  the  second  and  third  years  after  the  attack,  import  requirements 
shoot  ip  to  over  5  times  the  normal  level,  ]h  these  post-attack  years, 
the  shortages  of  materials  are  acute,  since  ever  90%  of  the  U.S.  survives 
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the  immediate  physical  effects  of  the  attack.  The  survivors  place  a  hi«e 
drain  on  the  badly  crippled  econany,  which,  limited  by  a  lack  of 
traisportation,  simply  cannot  satisfy  the  demands  placed  on  it.  Imports 
could  partially  meet  those  demands,  but,  unfortunatd.y,  it  is  physically 
impossible  to  bring  la-ge  volunes  of  imports  into  the  country.  Moreover, 
as  we  discuss  in  Chapter  Five,  larger  initial  l€vd.s  of  imports  are  not 
always  beneficial  to  the  economy  in  the  lor^  rm. 

The  severe  shortfalls  in  food  and  materials  ”crasH’  the  economy. 
Whereas  the  first  huge  plvnge  in  CWP  is  partially  due  to  "accomting 
losses'*  —  the  low  GNP  reflects  the  loss  of  value  associated  with 
factories  and  inventories  --  the  continued  depressed  performance  of  GNP 
indicates  that  a  real  and  fundamental  change  has  taken  place  in  the  U.S. 
economy.  This  and  sitosecjjent  graphs  demonstrate  that  the  U.S.  economy 
cannot  really  recover  fron  the  effects  of  the  coulter- energy  attack. 

Q*aph  TWo;  As  a  consequence  of  the  absence  of  transportation  for 
agricultural  products  (see  O'aph  ILFT,  far  more  people  die  (about  50%)  in 
the  first  two  years  after  the  attack  than  are  killed  by  the  attack  itself 
(about  8%).  (Xr  scenario  considers  that  the  attack  has  no  adverse 
psychological  effects;  thus,  worker  productivity  is  uidiminished  by  the 
mass  starvations  and  deaths  caused  by  inadequate  medical  and  housir^ 
sipplies.  The  starvation  in  the  second  and  third  .years  after  the  attack, 
is  a  direct  result  of  the  lack  of  transportation  available  in  the  initial 
post-attack  period.  (See  also  Chapter  Five). 
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Graph  Three;  The  huge  initial  gap  betwen  demand  and  usage  in  the  metals- 
producing  sector  is  caused  by  the  large  drop  in  transportation  adequacy 
resulting  ft-om  the  lack  of  liquid  fuels.  Demand  then  fhlls  (people  die, 
factories  shut  down)  and  transportation  adequacy  rises  quickly.  All 
traisportation  capital  is  reconnected  within  about  four  years,  althoi^h  the 
ability  of  the  transpwtation  sector  to  satisfy  demand  rises  even  faster 
because  demand  is  reduced. 

Capital  stock  for  the  metals- producing  sector  is  not  replaced  at  a 
rate  fast  enousl^  to  ccmpensate  for  depreciation,  and  capacity  lunges 
below  usage  in  1993.  Usage  is  maintained  at  a  high  level  for  a  coiple  of 
years,  thanks  to  inventories,  but  then  falls  in  1995.  The  metal s-producir« 
sector  capacity  has  begin  to  increase  by  1996  and  the  situation  is 
corrected;  yet  the  same  problems  threaten  other  sectors. 

Q^aph  Four;  The  scenario  we  use  assumes  that  the  energy-products  sector 
has  priority  over  other  sectors  in  the  allocation  of  raw  materials  and 
other  resources.  This  policy  is  consistent  with  oir  findings  on  the 
importance  of  energy  products  for  recovery.  Thus,  this  sector  is  not  shown 
to  suffer  the  large  drops  in  adequacy  of  vital  inputs  ttet  other  sectors 
®(p®rience.  A  shortfall  in  transportation  dining  the  first  few  years  after 
the  attack  is  inevitable,  and  it  is  responsible  for  the  large  gap  between 
demand  for  and  actual  usage  of  energy  products.  After  this  is  corrected, 
however,  no  extreme  imbalances  appear,  and  usage  fairly  closely  follows 
demand.  "nTe  price  for  this  st^ility  is  reflected  in  the  inadequacies 
experienced  by  the  other  sectors  of  the  economy,  yet  it  seems  to  us  that 
the  policy  of  favoring  the  energy  sector  ova*  others  is  a  sensible  plai  for 
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post-attack  recovery, 

Q-aph  Five;  Bi  ths  agrlcultire  sector,  a  significant  drop  in  mage  below 
demand  has  the  most  drastic  effects:  people  starve.  (See  Q*aph  Two) 
the  initial  post-attack^  years,  starvation  occurs  because  there  are  no  meais 
to  transport  food.  Ey  1996,  however,  capacity  has  fallen  to  levd.s  b^ow 
mage.  The  nation  has,  however,  fairly  large  stores  of  food  that  are  med 
up  in  the  next  six  years.  When  usage  falls  in  2003,  people  sre  threatened 
with  starvation  again.  A  second  famine  may  well  occir  if  enoigh  resources 
are  not  directed  toward  devdoping  the  agricultural  sectcr. 

Q-aph  Six:  Ihlike  other  sectors,  the  transportation  sector  is  limited  by 
the  lack  of  available  capital  in  the  first  years  after  the  attack.  ^  the 
third  year  after  the  attack,  available  capital  has  reached  a  level  dose  to 
its  pre-attack  value  —  but  now  both  demand  and  usage  remain  depressed  at 
a  mere  third  of  their  pre-attack  levds.  ft  is  the  gap  between  demand  and 
usage  in  the  Initial  post-attack  years  that  brings  all  the  other  sectors  in 
the  economy  to  a  much  lower  levd  of  activity  for  the  decades  that  follow 
the  attack.  Oice  the  initial  "craslf  occurs,  transportation  is  no  lot^er  a 
bottleneck  blocking  recovery  —  indeed,  there  is  a  considerable  excess  of 
transportation  capital  over  15  years.  Such  excesses  of  capital  are  a 
daigerom  sign:  they  indicate  ttiat  the  economy  is  underperforming,  Chce 
the  transportation  shortage  had  its  effect  the  economy,  other,  dynanic 
changes  take  place  —  the  capital  squeeze  that  occurs  in  the  metals  sector 
is  an  example.  The  authorities  responsible  for  the  recovery  effort  would 
find  severe  capital  shortages  occurring  first  in  one  sector _ 
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transportation  —  and  then  another  —  metals.  VIhile  their  efforts  were 
focused  on  these  troubled  sectors  (these  efforts  would  necessarily  mean 
the  diversion  of  resovrces  ft*ora  other  sectors  to  those  in  trouble) 
problems  could  devdop  d.sewhere  in  the  economy.  ihstead  of  economic 
recovery,  the  nation  would  be  faced  with  a  series  of  threatening  crises. 
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IPPENDIX  TWO 

TARGETS  Dl  THE  COUNTER-ENERGY  ATTACK 

Each  row  represents  one  target.  Some  targets  receive  multiple  weapons. 
Alabama 

Hoover,  Maytown  (Birmingham  suburb),  Vestaiva  Hills 

Chickasaw,  Sar aland 

TUscaloosa 

Alaska 

Anchorage 

Big  Horn,  North  Pole 

Kenai 

Nikisha 

Ketchikan,  Ketchikan  East,  Penock  Mand 
Tatilek  (near  Valdez) 

Arkansas 
Stephens 
El  Dorado 

California 

Alameda,  Berkeley,  Eineryville,  Oakland,  Piedmont 
Richmond,  San  Pablo 
Hercules,  Rodeo 
Bakersfield 

Kings  Country  (near  Avenal  and  Kettleman  City) 

V^Sington*^^^*  Harbor,  Los  Angeles,  San  Pedro,  West  Carson, 

Lomita,  Redondo  Beach,  Torrance,  Wilmington 
Carson,  Vfest  Carson 
Long  Beach,  Signal  Hill 

Del  Mre,  n  Segundo,  Ffewthorne,  Inglewood,  Lawndale,  Lennox,  Manhattan 
Beach,  South  Bay  Cities,  Westchester 
Encino,  Los  Angeles,  N  Hollywood,  Van  Nuys 
Sacramento 
Coronado,  San  Diego 
San  Francisco 
Q-ovq-  City,  Pismo  Beach 

Atherton,  East  Palo  Alto,  Menlo  Park,  Redwood  City,  San  Carlos 
Santa  Q*uz,  Twin  Lakes 
Benecia,  Martinez 
Veitura 

Oxnard,  Port  Huneme 

Colorado 

Aurora 

Denver,  Commerce  City,  Derby 


Delaware 
Delaware  City 

Florida 

Panama  City,  IVetty  Bayou 
Cape  Canava*al,  Cocoa  Beach 
Fort  Lauda'dale,  ifollywood 
Miami,  Miami  Beach 
Jacksonville 
Gould ing,  Paisacola 
East  Tampa,  Gibsontown 
Tampa 

Memphis,  Port  Manatee 

Bay  Lake,  Lake  Buena  Vista,  Walt  Disney  World 

Mangonia  Park,  Palm  Beach,  Palm  Beach  Shores,  Rivia"a  Beach,  W  Palm  Beach 
Georgia 

Cferdai  City,  Savannah 
Aldora,  Barnesville 

Iowa 

Sioux  City 
Illinois 

Des  Plains,  ELk  Q*ove,  Elk  Q"ove  Village,  Mt  Prospect 

Blue  Island,  Calumet  Park,  Chicago  (southwest).  Evergreen  Park,  Merrionette 
Park 

Dixraoor,  Dolton,  Harvey,  Phoenix,  Riverdale,  South  Holland 

Lemon t 

Robinson 

Tuscola 

Lawrenceville 

East  Alton,  Hartford,  Rosewood  Heights,  Roxana,  South  RoOana,  Wood  River 
Tonti  (near  Salem) 

Joliet,  Rockdale 

Bidiana 

6'cwnsberg 

East  Chicago,  Hammond,  iilhiting 

Kansas 
EL  Dorado 
Arkansas  City 

(S'eensburg  (near  Mullinville) 

McPh«“son 

Coffeyville 

Hutchinson 

0*ant  (near  Valley  Center) 

Kansas  City 


Kentucky 

Ashland,  Cattletsburg 

Louisiana 
Shreveport 
Lake  Charles 
Sulphur 
Prien 

Vfest  Ffacld)«“ry 

Baton  Houge,  Port  Allen 

Baker,  Baton  Houge,  Scotlandville 

Weeks  Island 

Bayou  Choctaw 

Plaquemine,  Seymourville 

Ibervilee  Country  (near  Carville) 

Gretna,  Harvey,  Terrytown,  Timberlane,  Belle  Chasse 

Jefferson 

Jennings 

Port  Sulphur 

Chaim ette,  Meraux,  Violet 
ffahnville.  New  Sarpy,  Norco 

Destrehan,  Lone  Star,  Luling,  New  Sarpy,  St  Rose 
Good  Hope 

Convent,  St  James,  Ihion 
Garyville,  Reserve 
Opelousas 

Bayou  Vista,  Berwick,  Morgan  City,  Patterson 
LOOP  (offshore) 

Massachusetts 

Ludlow 

Braintree,  Quincy 

Boston,  Chelsea,  Cambridge,  Eva'ett,  SomQ*ville 
ffaryland 

Edgemere,  Sparrow's  Point 
Maine 

Portland,  South  Portland,  Westbrook 


Michigan 

Lincoln  (near  Harrison) 

Alma,  St  Louis 

Marysville,  Port  Huron,  (and  Sarnia,  Chtario) 
Dearborn,  Detroit,  Ecorse,  Melvindale,  River  Roige 
Livonia,  Farmington,  Farmington  Hills 
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Minnesota 

Columbia  Heights,  Phidley,  Hilltop,  New  Brighton,  St  /Inthony,  luring  Lake 

Park,  Brooklyn  Caita",  Minneapolis 

Empire 

Missouri 

ihdependeice.  Sugar  Oeek 

Misisisippi 

Liberty 

Collins 

Gulfport 

Pascagoula 

Purvis 

Vicksburg 

Montana 

Fallon  Country  (near  Baker  and  Plevna) 

Cut  Bank 
Billings 
Laurel 

North  Dakota 
Mandan 

hbrth  Carolina 

Pine  Valley,  Vlilmington,  Vfinter  J^rk 

New  Hampshire 
Newington,  Portsmouth 

New  Jersey 

Burlington,  Floraice-Roebling 

Deptford,  Q'eenloch,  National  Park,  Paulsboro,  Ihorofare,  Vfenomah, 
Westville,  Woodbury,  Woodbury  Heights 

Avenal,  Laurence  fbrbor,  Perth  Amboy,  Sayreville,  South  Amboy,  Woodbridge 

Eatontown,  Little  Silver,  Long  Enanch,  Monmouth  Beach,  Ocean  Port, 

Shrewsbury,  West  Long  Enanch 

Atlantic  Highlands,  Highlands,  Middletown 

Carteret,  Elizabeth,  Linden 

New  Mexico 

Lea  coin  try  (near  Eunice) 

Prewitt  (near  Thoreau) 

Kir  tl  and 


New  York 
Albany 

Bronx,  Queens 

Ehdicott,  Did  well,  Johnson  City 
Buffalo  city,  Sloan 
Brooklyn,  Manhattan 
Irondequiot,  Rochester 
Oswego 
Ogden sburg 

Chip 

Lima 

Cleveland,  Qeveland  Heights,  East  Qeveland 

Addyson,  Cleves,  Hoover,  N.  Bend 

Fferbor  View,  Oregon 

Campbell,  Youngstown 

Canton,  Myers  Lake,  North  Canton 

Oklahoma 

Ardmore 

CL em scot  (near  Ibtmus) 
creek  Country  (near  Drumright) 

Arapahoe 

Ehid 

V^newood 
Ponca  City 
Cushing 
Uilsa 

Oregon 

Portland 

Pennsylania 

Avalon,  Billevue,  Ben  Avon,  Ben  Avon  Heights,  Cbraopolis,  CTafton, 
Bnsworth,  denfield,  Ingram,  Kennedy,  Kilbuck,  McKees  Rocks,  Neville, 
Osborne,  Pennsbury  Village,  Pittsburg,  Stowe,  Thornsbury 
Koihorst,  Mohnton,  Kt  Penn,  Reading,  Siillington,  Sinkir®  Sp-ing,  West  Lawn, 
West  Reading,  Vfyomissing,  V^oraissing  ffills 
Chester  Springs,  West  Pikeland 

Aldan,  Qifton  Heights,  Collingdale,  Cblwyn,  Darby,  Ehst  Lansdowne, 
Folcroft,  Glenolden,  Lansdowne,  Norwood,  Prospect  Park,  Sharon  Hill 
Yeaden;  Philadelphia:  Philadelphia  ’ 

Lower  Chichester,  Marcus  Hook,  ITaina* 

Bethlehem,  FTeemansburg,  Hell«"town,  Middletown 

Belvidere 

Philadelphia 

Avondale-Moorland,  Charleston,  Dorchester  Terrace-Brent  wood,  Vfendo  Wbods 
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Tennessee 

Chatanooga,  Ridgeside 
Mem  {Ms 

Texas 
Sweeny 
Bryan  Mowid 

CXiintana,  Surfside  Beach 
Point  Comfort 
Brownsville 

Cameron  County  (near  Port  Isabel) 

Oane 
El  Paso 
Fort  Bliss 

Highland  Bayou,  La  Marque,  Texas  City 

Galveston,  Jamaica  Beach 

Longview 

Houston 

Houston,  Pasadena,  South  Houston 

Baytown 

Oiannelview 

Deer  Park,  W  Lomax 

Big  S^jring 

Borger,  Phillips 

Beaumont 

Q'iffing  Park,  Q*oves,  Nederland,  Port  Arthur,  Port  ^feches 

P^Drt  Arthur 

Big  ffill 

Sabine 

Fremont 

Zunkerville 

Three  Flivers 

Midland 

^raberry 

Sunray 

Clorpius  Christi 
Agua  Dulce 
Coyanosa 
Amarillo 

Aransas  fess,  Ihgleside 

Tyler 

Abilene 

Austin 

Kermit 

Utah 

North  Salt  Lake,  Val  Verda,  Woods  Gross 
Salt  Lake  City 

Virginia 

Yorktown 
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Hampton,  Newport  News 
Portsmouth,  Norfolk 

Washington 
Port  Angeles 
Seattle 

North  a.ty-Ridgecrest ,  Richmond  Beach-Innis  Ard«i,  Richmond 

Sho-idan  Beach 

Tcicoma 

Anacortes 

Edmonds,  Everett,  Fairmont-ihtercity,  Mulkilteo 
Ferndale 

Wisconsin 

Allouez,  Oeen  Bay 

i^rkland  (near  Superior  Village  &  Poplar) 

Vfest  Virginia 
Fairview 

Oanville,  CBage,  Morgantown,  Star  City,  Westova" 

V^oming 

Rawlins,  Sinclair 
Casper,  Evansville 
Newcastle 


(Note:  Some  targets  receive  multiple  weapons.) 


Highlands, 


'~Jh'e,  -^^TTAcfc^ 


^  PLEASE  CHECK  THE  APPROPRIATE  BLOCK  BELOW: 
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DISTRIBUTION  AUTHORIZED  TO  DoD  AND  U.S.  DoD  CONTRACTORS 
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